Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


L      --^-J^SPi 


f 


y 


C 


J 


1 


QA 


I 


! 


.  I 


;j  educational 


:f 

\ 

1. 

*    '     * 

.\J 

■ 

J 

/ 

J      *      1 

'            1 

1 

\          , 

\ 

V 

'        * 

« 

>1i 

•^ 

1 

ft 

^ 

^ 

I       « 

?J  •" 

!>/• 

\y\ 

'< 

I 

ft 


«« 


MATHEMATICAL  WORKS 


BY 


I.  TODHXTNTEB^  HJL,  F.B.S* 


I.    Euclid    for    Colleges    and    Schools.      Second 

BUtinn.     i8mo.  boxmd  in  doth.    ^,  6d. 


\  • 


^;     Algebra  for  Beginners.    With  numerous  Ex- 

ftmples.    New  Edition.     i8mo.  bound  in  cloth.     28.  6d, 

3.  Algebra  for  the  use  of  Colleges  and  Schools, 

Fourth  Edition.    Crown  8vo.  cloth,     7*.  6d, 

4.  A  Treatise  on  the  Theory  of  Equations.    Crown 

I    '  8vo.  doth.    7«.  6d. 

^  ■ 

I 

I  •  _  

f  5.     Plane  Trigonometry  for  Colleges  and  Schools. 

\  With  numerous  Examples.    Third  Edition.    Crown  8yo.  cloth.     58. 

i-  6.     A  Treatise  on  Spherical  Trigonometry  for  the 

[,  '  use  of  Colleges  and  Schools.     Second  Edition.    Crown  8vo.  cloth. 

4<.  6d, 


A  Treatise  on  Conic  Sections.    With  numegrous 

Examples.    Thurd  Edition.    Crown  Syo.  doth.     7«.  6d. 


.):  *  .     ^:^, 


p 


8.  A  Treatise  on  the  Differential  Calculus.     With 

numerous  Examples.    Fonrtii  Edition.    Crown  8yo.  cloth,    zof.  6d, 

9.  A  Treatise  on  the  Integral  Calculus.     With 

numerous  Examples.    Seeond  Edition.    Grown  Sto.  cloth.    108.  6d. 

10.  Examples  of  Analytical  Geometry  of  Three 

Dimensions.    Second  Edition.    Grown  8yo.  cloth.  48. 

11.  A    Treatise    on    Analytical    Statics.      With 

numerous  Examples.    Third  Edition.    Grown  8yo.  doth.     im.  6d, 

12.  A  History  of  the  Progress  of  the  Calculus 

of  Variations  during  the  Nineteenth  Genturj.    8vo.  cloth.   128, 

13.  A  History  of  the  Mathematical  Theory  of  Pro- 

babilitj,  from  the  time  of  Pascal  to  that  of  Laplace.    8yo.  cloth.    iSt. 


Edited  hy  Me  Todhuntee. 

An  Elementary  Treatise  on  Differential  Equations. 

By  GEORGE  BOOLE,  D.C.L.,  F.R.S.    A  New  Edition,  edited  by 
I.  ToDHUNTEB,  M.A.,  F.K.S.    Grown  8vo.  cloth.   149. 

A  Supplementary  Volume.    Crown  8vo.  cloth.    85. 6c?. 


WCA.CMILLAN  AND  CO.  LONDON  AND  GAMBBIDGE. 


AXGEBRA, 


I 


^  •^'■3'^  6t?3 


ALGEBRA 


^^^  '   *  i 


Jf0r  %  Sse  flf  Meges  an^  S^oi^Is- 


WITH  NUMEROUS   EXAMPLES. 


'■> 


I'r  TODHUNTER,  M.A.,  F.RS, 


FOURTH  KDITIOK,  REVISED. 


^      lontion  anlt  (SambtOrge : 

MACMILLAN    AND    CO. 

1866. 

{The  right  of  Translation  i*  reserved.] 


(ETamtolrge: 

PRINTED  BY  C.  J.  CLAY,  ]I.A> 
AT  THB  UXIYEBSriY  FBB8& 


e 


PREFACE  TO  THE  SECOND  EDITION. 


A 


Tms  work  contains  all  the  propositions  which  are  usually 
included  in  elementary  treatises  on  algebra,  and  a  large  number 

y         of  examples  for  exercise. 

^  My  chief  object  has  been,  to  render  the  work  easily  intelligible. 

^  Students  should  be  encouraged  to  examine  carefully  the  language 

of  the  book  they  are  using,  so  that  they  may  ascertain  its  meaning 
or  be  able  to  point  out  exactly  where  their  difficulties  arise.     The 

I  language,  therefore,  ought  to  be  simple  and  precise;  and  it  is 
essential  that  apparent  conciseness  should  not  be  gained  at  this 
expense  of  cleamesa 

In  attempting,  however,  to  render  the  work  easily  intelligible, 
I  trust  I  have  neither  impaired  the  accuracy  of  the  demonstra- 
tions nor  contracted  the  limits  of  the  subject;  on  the  contrary, 
I  think  it  will  be  found  that  in  both  these  respects  I  have  ad* 
vanced  beyond  the  line  traced  out  by  previous  elementary  writers. 
The  present  treatise  is  divided  into  a  large  number  of  chap- 
ters, each  chapter  being,  as  far  as  possible,  complete  in  itself. 
Thus  the  student  is  not  perplexed  by  attempting  to  master  too 
much  at  once ;  and  if  he  should  not  succeed  in  fully  comprehend- 
ing any  chapter,  he  will  not  be  precluded  from  going  on  to  the 
next,  reserving  the  difficulties  for  future  consideration:  the  latter 
point  is  of  especial  importance  to  those  students  who  are  without 
the  aid  of  a  teacher. 

The  order  of  succession  of  the  several  chapters  is  to  some 
extent  arbitrary,  because  the  position  which  any  one  of  them 
should  occupy  must  depend  partly  upon  its  difficulty  and  partly 
upon  its  importance.  But,  since  each  chapter  is  nearly  independ- 
ent, it  will  be  in  the  power  of  the  teacher  to  abandon  the  order 
laid  down  ii^Jyhe  book  and  to  adopt  another  at  his  discretion. 

The  exJ^les  have  been  selected  with  a  view  to  illustrate 
every  part  of  the  subject,  and,  as  the  number  of  them  is  about 
sixteen  hundred  and  fifty,  I  trust  they  will  supply  ample  exercise 
for  the  student  Complicated  and  difficult  problems  have  been 
excluded,  because  they  consume  time  and  energy  which  may  be 
spent  more  profitably  on  other  branches  of  mathematics.  Each 
set  of  examples  has  been  carefully  arranged,  commencing  wiiih 
Bome  which  are  very  simple  and  proceeding  gradnaUy  to  otheiB 
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whicK  are  less  obvious;  those  sets  which  are  entitled  Miscellcmeotts 
Examples^  together  with  a  few  in  each  of  the  other  sets,  may 
be  omitted  by  the  student  who  is  reading  the  subject  for  the  first 
time.  The  answers  to  the  examples,  with  hints  for  the  solution 
of  some  in  which  assistance  may  be  needed^  are  given  at  the  end 
of  the  book. 

I  will  now  give  some  account  of  the  sources  from  which  the 
present  treatise  has  been  derived. 

Dr  Wood's  Algebra  has  been  so  long  published  that  it  has 
become  public  property,  and  it  is  so  well  known  to  teachers  that 
an  elementary  writer  would  naturally  desire  to  make  use  of  it 
to  some  extent  The  first  edition  of  that  work  appeared  in  1795, 
and  the  tenth  in  1835;  the  tenth  edition  was  the  last  issued 
in  Dr  Wood's  life-time.  The  chapters  on  Surds,  Katio,  and 
Proportion,  in  my  Algebra  are  almost  entirely  taken  from  Dr 
Wood's  Algebra.  I  have  also  frequently  used  Dr  Wood's  ex-* 
amples  either  in  my  text  or  in  my  collections  of  examples. 
Moreover,  in  the  statement  of  rules  in  the  elementary  part  of 
my  book  I  have  often  followed  Dr  Wood,  as,  for  example,  in  the 
Kule  for  Long  Division;  the  statement  of  such  rules  must  be 
almost  identical  in  all  works  on  Algebra.  I  should  have  been 
glad  to  have  had  the  advantage  of  Dr  Wood's  authority  to  a 
greater  extent,  but  the  requirements  of  the  present  state  of 
mathematical  instruction  rendered  this  impossible.  The  tenth 
edition  of  Dr  Wood's  Algebra  contains  little  more  than  half  the 
matter  of  the  present  work,  and  half  of  it  is  devoted  to  subjects 
which  are  now  usually  studied  in  distinct  treatises,  namely, 
Arithmetic,  the  Theory  of  Equations,  the  application  of  Algebra 
to  Geometry,  and  portions  of  the  Summation  of  Seiies;  the 
larger  part  of  the  remainder,  from  its  brevity  and  incompleteness, 
is  now  unsuitable  to  the  wants  of  students.  Thus,  on  the  whole, 
a  very  small  number  of  pages  comprises  all  that  I  have  been  able 
to  retain  of  Dr  Wood's  Algebra. 

For  additional  matter  I  have  chiefly  had  recourse  to  the 
Treatise  on  Arithmetic  and  Algebra  in  the  Library  of  Useful 
Knowledge,  and  the  works  of  Bourdon,  Lefebure  de  Fourcy,  and  • 
Mayer  and  Choquet;  I  have  also  studied  with  g|^k  advantage 
the  Algebra  of  Professor  De  Morgan  and  other  works  of  the 
same  author  which  bear  upon  the  subject  of  Algebra. 

I  have  also  occasionally  consulted  the  edition  of  Wood's 
Algebra  published  by  Mr  Lund  in  1841,  Hind's  Algebra,  1841, 
Colenso's  Algebra,  1849,  and  Goodwin's  Elementary  Course  of 
Mathematics,  1853.  In  the  composition  of  my  book  I  took  ex* 
treme  care  to  avoid  trespassing  upon  the  works  of  these  recenf 


PEEFACE  TO  THE  SECOND  EDITION.  Vll 

English  authors.  My  rule  was  not  to  insert  a  proposition  in  the 
few  cases  where  any  doubt  existed  as  to  the  right  to  do  so,  unless 
I  found  it  in  two  or  more  of  these  authors;  if  I  found  it  in 
so  many  places  I  concluded  that  it  might  be  considered  common 
property,  and  I  inserted  it  in  my  own  language  and  style. 

Although  I  have  not  hesitated  to  use  the  materials  which 
were  available  in  preceding  authors,  yet  much  of  the  present  work 
is  peculiar  to  it;  and  I  believe  it  will  be  found  that  my  Algebra 
contains  more  that  is  new  to  elementary  works,  and  more  that  is 
original,  than  any  of  the  popular  English  works  of  similar  plan. 
Originality  however  in  an  elementary  work  is  rarely  an  advan- 
tage; and  in  publishing  the  first  edition  of  my  Algebra  I  felt 
some  apprehension  that  I  had  deviated  too  far  from  the  ordinary 
methods.  I  have  had  great  satisfaction  in  receiving  from  eminent 
teachers  favourable  opinions  of  the  work  generally  and  also  of 
those  parts  which  are  peculiar  to  it. 

Several  years  have  elapsed  since  I  resolved  to  publish  an 
Algebra  and  began  to  arrange  the  materials.  Thus  all  the 
important  chapters  in  the  present  work  have  been  written  and 
rewritten,  and  repeatedly  revised  by  myself  and  my  friends. 
With  respect  to  some  parts,  which  were  original  at  the  time  when 
they  first  occurred  to  me,  I  have  been  anticipated  in  publication; 
this  applies,  for  example,  to  Arts.  520,  611,  and  677.  I  mention 
this,  not  as  attaching  any  importance  to  such  points,  but  merely 
because  otherwise  it  might  appear  that  I  had  been  indebted  for 
them  to  preceding  authors.  My  manuscripts  on  these  articles 
were  in  use  among  my  pupils  before  the  date  in  which,  so  far  as 
I  know,  these  articles  were  printed ;  indeed  it  was  not  until  after 
my  first  edition  was  published  that  I  saw  the  latter  two  articles 
in  print  elsewhere.  Some  portions  of  the  present  work  were 
written  long  before  I"  had  any  intention  of  publication ;  the  chap- 
ter on  the  Multinomial  Theorem,  for  example,  was  drawn  up 
about  fifteen  yeai's  ago  for  the  use  of  a  fellow-student. 

The  task  of  preparing  an  elementary  treatise  is  far  from  easy, 
and  I  must  therefore  request  the  indulgence  of  teachers  and 
students  for  any  defects  which  they  may  discover  either  in  my 
plan,  or  in  thVl|iode  of  executing  it.  I  have  to  return  my  thanks 
to  many  able  mathematicians  who  have  favoured  me  with  sug- 
gestions, which  have  been  of  great  service  to  me  in  preparing  the 
Second  Edition ;  and  I  trust  I  shall  still  continue  to  receive 
similar  valuable  remai*ks. 

I.  TODHUNTEE. 

St  John's  College, 
February f  i860. 


The  Third  Edition  lias  been  carefiilly  revised;  and  some  addi- 
tions have  been  made  to  the  text^  to  the  examples,  and  to  the 
answers  and  the  hints  given  at  the  end  of  the  book.  A  treatise 
on  the  Theory  of  Equations  has  been  drawn  up  by  the  author,  to 
form  a  sequel  to  the  Algebra;  and  the  student  is  referred  to  that 
treatise  as  a  suitable  continuation  of  the  present  work. 

St  John's  College, 
June,  1862. 


Some  additions  have  been  made  to  the  text  in  the  fourth  edition 
and  some  improvements  have  been  effected;  these  changes  are 
chiefly  due  to  the  suggestions  of  persons  engaged  in  teaching  the 
subject:  and  the  writer  returns  his  thanks  to  those  who  have 
thus  assisted  him  with  the  results  of  their  experience. 

Ma/rch,  1 865. 
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ALGEBRA. 


I.      DEFINITIONS  AND  EXPLANATIONS  OF  SIGNS. 

1.  The  method  of  reasoning  about  numbers,  by  means  of 
letters  which  are  employed  to  represent  the  numbers,  and  signs 
which  are  employed  to  represent  their  relations,  is  called  Algebra, 

2.  Letters  of  the  alphabet  are  used  to  represent  numbers, 
which  may  be  either  knoum  numbers,  or  numbers  which  have  to 
be  found  and  which  are  therefore  called  unknovm  numbers.  It  is 
usual  to  represent  known  numbers  by  the  first  letters  of  the 
alphabet  a,  5,  c,  <&c.,  and  uvknovm  numbers  by  the  last  letters 
^1  Vi  ^)  ^^113  is  not  however  a  necessary  rule,  and  so  need  not  be 
strictly  obeyed. 

Numbers  may  be  either  whole  or  fractional.  The  word  gucm- 
tity  is  frequently  used  as  synonymous  with  number.  The  word 
integer  is  often  used  instead  of  whole  number. 

3.  The  sign  +  signifies  that  the  number  to  which  it  is  prefixed 
is  to  be  added.  Thus  a  +  h  signifies  that  the  number  represented 
by  h  is  to  be  added  to  the  number  represented  by  a.  If  a  repre- 
sent 9,  and  h  represent  3,  then  a-\-h  represents  12.  The  sign  +  is 
caUed  the  plvs  sign,  and  a  +  6  is  read  thus  "  a  jpZiw  b." 

4.  The  sign  —  signifies  that  the  number  to  which  it  is  prefixed 
is  to  be  subtracted.  Thus  a  —  b  signifies  that  the  nxunber  repre- 
sented by  6  is  to  be  subtracted  fi^om  the  number  represented  by  a. 
If  a  represent  9,  and  b  represent  3,  then  a  —  b  represents  6.  The 
sign  —  is  caUed  the  minu^s  sign,  and  a  —  bia  read  thus  "a  minus  b.'* 

6.     The  sign  x  signifies  that  the  numbers  between  which  it 
nds  are  to  be  multiplied  together.     Thus  axb  signifies  that  the 
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number  represented  by  a  is  to  be  multiplied  by  the  number  repre- 
sented by  6.  If  a  represent  9,  and  b  represent  3,  then  axb  repre- 
sents 27.  The  sign  x  is  called  the  sign  of  multiplication^  and  axb 
is  read  thus  **a  into  b."  Similarly  axb  xc  denobes  the  product  of 
the  numbers  represented  by  a,  b  and  c. 

It  should  be  observed  that  the  sign  of  multiplication  is  often 
omitted  for  the  sake  of  brevity;  thus  ab  is  used  instead  of  a  xb, 
and  has  the  same  meaning;  so  dbc  is  used  for  axbxc.  Sometimes 
a  point  is  used  instead  of  the  sign  x ;  thus  a,b  is  used  for  axb 
or  ab.  But  the  point  is  here  superfluous,  because,  as  we  have 
said,  ab  is  used  instead  of  a  x  6.  Nor  is  the  point,  nor  the  sign  x, 
necessary  between  a  number  expressed  in  the  ordinary  way  by  a 
figure  and  a  number  represented  by  a  letter ;  so  that,  for  example, 
3a  is  used  instead  of  3  x  a,  and  has  the  same  meaning. 

The  sign  of  multiplication  must  not  be  omitted  when  numbers 
are  expressed  by  figures  in  the  ordinary  way.  Thus  45  cannot  be 
used  to  express  the  product  of  4  and  5,  because  a  different  mean- 
ing has  already  been  appropriated  to  45,  namely  forty-jive.  We 
must  therefore  express  the  product  of  4  and  5  thus  4  x  5,  or  thus 
4.5.  To  prevent  any  confusion  between  the  point  thus  used  as  a 
sign  of  multiplication  and  the  point  as  used  in  the  notation  for 
decimal  fractions,  it  is  advisable  to  write  the  latter  higher  up; 
thus  4-5  may  be  kept  to  denote  4+-^. 

6.  The  sign  -r-  signifies  that  the  number  which  precedes  it 
is  to  be  divided  by  the  number  which  follows  it.  Thus  a-^-b  sig- 
nifies that  the  number  represented  by  a  is  to  be  divided  by  the 
number  represented  by  b.  If  a  represent  9,  and  b  represent  3, 
then  a-rb  represents  3.  The  sign  is  called  the  sign  of  division, 
and  a  -r  b  is  read  thus  "  a  by  b,"  There  is  also  another  way  of 
denoting  that  one  number  is  to  be  di^dded  by  another;  the  divi- 
dend is  placed  over  the  divisor  with  a  line  between  them.  Thus  t 
is  used  instead  ofa-r-b  and  has  the  same  meaning. 

7.  The  sign  =  signifies  that  the  numbers  between  which  it  ia 
placed  are  eqiuil.     Thus  a  =  b  signifies  that  the  number  repre- 
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sented  by  a  is  equal  to  the  number  represented  by  5,  that  is,  a  and 
h  represent  the  same  number.  The  sign  =  is  called  the  sign  of 
equaZityy  and  a  =  h  ia  read  thus  ^'  a  eqv^ds  b"  or  ^^  a  i^  equal  to  b.*' 

8.  The  difference  of  two  numbers  is  sometimes  denoted  by 
the  sign  *« ;  thus  a  -  6  denotes  the  difference  of  the  numbers 
denoted  by  a  and  5,  and  is  equal  to  a  —  6  or  to  6  —  a,  according 
as  a  is  greater  than  6  or  less  than  h, 

9.  The  sign  >  denotes  greater  than,  and  the  sign  <  denotes  less 
than;  thus  « >  6  denotes  that  the  number  represented  by  a  is 
greater  than  the  number  represented  by  6,  and  6  <  a  denotes  that 
the  number  represented  by  6  is  less  than  the  number  represented 
by  a.  Thus  in  both  signs  the  opening  of  the  angle  is  turned 
towards  the  greater  number. 

10.  The  sign  .*.  denotes  then  or  tlwrejore;  the  sign  *.•  denotes 
sinoe  or  because, 

11.  When  several  numbers  are  to  be  taken  collectively  they 
are  enclosed  by  hrachets.  Thus  (a  —  6  +  c)  x  (c?  +  e)  signifies  that 
the  number  represented  by  a  — 6+c.is  to  be  multiplied  by  the 
number  represented  by  d  0e,  This  may  also  be  written  thus 
(a  —  6  +  c)  (fl?  +  e).  The  use  of  the  brackets  will  be  seen  by  com- 
paring the  above  expressions  with  (a  —  6  +  c)c?  +  ej  the  latter  de- 
notes that  the  number  represented  by  a— 6  +  c  is  to  be  multiplied 
by  d^  and  then  e  is  to  be  added  to  the  product. 

Sometimes  instead  of  using  brackets  a  line  called  a  vinculiMn 
is  drawn  over  the  numbers  which  are  to  be  taken  collectively. 

Thus    a  —  b  +  cxd  +  6   is    used    with    the    same    meaning    as 
(a  —  b  +  c)x(d+  e), 

12.  The  letters  of  the  alphabet,  and  the  signs  or  marks  which 
we  have  already  introduced  and  explained,  together  with  those 
which  may  occur  hereafter,  are  called  algebraical  symbols,  since 
they  are  used  to  represent  the  things  about  which  we  may  be 
reasoning.  Any  collection  of  algebraical  symbols  is  called  an 
algebraical  expression  or  a  jformula, 

1—2 
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13.  Those  parts  of  an  expression  which  are  connected  by  the 
signs  +  or  —  are  called  its  terms.  When  an  expression  consists  of 
two  terms  it  is  called  a  binomial  expression;  when  it  consists  of 
three  terms  it  is  called  a  trinomial  expression;  any  expression 
consisting  of  several  terms  may  be  called  a  multinomial  expression 
or  a  polynomial  expression.  When  an  expression  does  not  contain 
parts  connected  by  the  sign  +  or  the  sign  —  it  may  be  called  a 
simple  expression,  or  it  may  be  said  to  contain  only  one  term. 

Thus  ahc  is  a  simple  expression;  ahc  +  a;  is  a  binomial  eagres- 
sion,  of  which  al>c  is  one  term,  and  x  is  the  other;  ab+  ac  —  bc  is 
a  trinomial  expression,  of  which  ab,  ac,  and  be  are  the  terms, 

14.  When  one  number  consists  of  the  product  of  two  or  more 
numbers,  each  of  the  latter  is  called  a  /actor  of  the  product.  Thus 
a,  b  and  c  are /actors  of  the  product  abc, 

15.  A  product  may  consist  of  one  factor  which  is  a  number 
i*epresented  arithineticallyt  and  of  another  factor  which  is  a  num- 
ber represented  algebraically,  that  is,  by  a  letter  or  letters ;  in  this 
case  the  former  factor  is  said  to  be  the  coefficient  of  the  latter. 
Thus  in  the  product  lahc  the  factor  7  is  called  the  coefficient  of 
the  fiictor  abc.  Where  there  is  no  arithmetical  factor,  we  may 
supply  unity;  thus  we  may  say  that,  in  the  product  abc,  the  co- 
efficient is  unity. 

And  when  a  product  is  represented  entirely  algebraically, 
any  one  factor  may  be  called  the  coefficient  of  the  product  of  the 
remaining  factors.  Thus,  in  the  product  ahc,  we  may  call  a  the 
coefficient  of  be,  or  b  the  coefficient  of  ac,  or  c  the  coefficient  of  ab. 
If  it  be  necessary  to  distinguish  this  use  of  the  word  coefficient 
from  the  former,  we  may  call  the  latter  coefficients  literal  coe/ 
fidents,  and  the  former  coefficients  numerical  coefficients. 

16.  If  a  number  be  multiplied  by  itself  any  number  of  times, 
the  product  is  called  a  power  of  that  number.  Thus  a  x  a  is  called 
the  second  power  of  a;  also  axay,a  is  called  the  third  power  of 
a ;  and  axaxaxa  is  called  the /ourth  power  of  a ;  and  so  on. 
The  number  a  itself  is  often  called  i^Q  first  power  of  a. 
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17.  Any  power  of  a  quantity  is  usually  expressed  by  placing 
above  the  quantity  the  number  which  represents  how  often  it  is 
repeated  in  the  product.  Thus  a*  is  used  to  express  axa;  also 
a'  is  used  to  express  ax  ax  a;  and  a*  is  used  to  express  axaxaxa; 
and  so  on.  And  a^  may  be  used  to  denote  the  first  power  of  a 
or  a  itself;  that  is,  a^  has  the  same  meaning  as  a. 

Numbers  placed  above  a  quantity  to  express  the  powers  of 
that  quantity  are  called  indices  of  the  powersy  or  ea^onenta  of  the 
powers;  or  more  briefly  indices  or  exponents, 

18.  Thus  we  may  sum  up  the  two  preceding  articles  as 
follows :  axaxax  &c.  to  n  factors  is  expressed  by  a",  and  n  is 
called  the  index  or  exponent  of  a",  where  n  may  denote  any 
whole  number. 

19.  The  second  power  of  a  or  a*  is  often  called  the  square 
of  a,  and  the  third  power  of  a  or  a*  is  often  called  the  cube 
of  a.  The  symbol  a*  is  read  thus  "a  to  the  fourth  power'^  or 
briefly  "a  to  the  fourth;^'  and  a"  is  read  thus  "a  to  the  n**"." 

20.  The  square  root  of  any  assigned  number  is  that  number 
which  has  the  assigned  number  for  its  square  or  second  power. 
The  cube  root  of  any  assigned  number  is  that  number  which  has 
the  assigned  number  for  its  cvhe  or  third  power.  The  fourth  root 
of  any  assigned  number  is  that  number  which  has  the  assigned 
number  for  \\b  fourth  power.     And  so  on. 

21.  The  square  root  of  a  number  a  is  denoted  thus  IJa,  or 
simply  thus  Ja,  The  cube  root  of  a  is  denoted  thus  ija.  The 
fourth  root  of  a  is  denoted  thus  \Ja.     And  so  on. 

The  sign  J  is  said  to  be  a  corruption  of  the  initial  letter  of 
the  word  radix.     This  sign  is  sometimes  called  the  radical  sign, 

22.  Terms  are  said  to  be  like  or  similar  when  they  do  not 
dificr  at  all  or  difier  only  in  their  numerical  coefficients;  otherwise 
they  are  said  to  be  unlike.  Thus  4a,  6ah,  9a'  and  da^bc  are 
respectively  similar  to  15a,  3a6,  12a'  and  15a'bc.  And  ah,  a% 
ab'  and  dbc  are  all  unlike. 
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23.  Each  of  the  letters  which  occur  in  an  algebi'aical  product 
is  called  a  dimension  of  the  product,  and  the  number  of  the 
letters  is  the  degree  of  the  product.  Thus  a^b^c  oraxax6x5x5xc 
is  said  to  be  of  six  dimensions  or  of  the  sixth  degree.  A  numerical 
coefficient  is  not  counted;  thus  9a%*  and  a^b*  are  of  the  same 
dimensions,  namely  of  seven  dimensions.  Thus  the  degree  of  a 
term  or  the  number  of  dimensions  of  a  term  is  the  sum  of  the 
exponents,  provided  we  remember  that  if  no  exponent  is  expressed 
the  exponent  1  must  be  understood  as  indicated  in  Ai*t.  17. 

24.  An  algebraical  expression  is  said  to  be  homogeneous  when 
all  its  terms  are  of  the  same  dimensions.  Thus  7a^+  3a'b  +  4a5c 
is  homogeneous,  for  each  term  is  of  three  dimensions. 

The  following  examples  will  serve  for  an  exercise  in  the 
preceding  definitions. 


EXAMPLES. 

If  a  =  1,  5  =  3,  c  =  4,  c?  =  6,  e  =  2  and  /=  0,  find  the  numerical 
values  of  the  following  twelve  algebraical  expressions  : 

1.     a  +  2b  +  4rc,  2.  3b  +  5d-2e, 

3.     ab-h2bc+3ed.  4.  ac  +  icd-^eb, 

5.     ahc  +  ibd+ec-fd,  6.  a'  +  5*  +  c^+/^ 

_      cd     4cbe     cd  «  ^     .  . 

T'^  3a~2l'  c*-4c'  +  3c-6. 

9.     l±S.  10.         ^-'^ 


2c-3a'  '     d'^  +  dc+c^' 

11.     J{2n)^il{2c)  +  J{2e).         12.     ^{3bc)-^  ^{9cd)^  ^{2e'). 

13.  Find  the  value  of  (9-y)  («+ 1)  + (a;  + 5)(y +  7)- 112, 
when  x=3  and  y  =  5. 

1 4.  Find  the  value  of  x  J{x^ -'^y)  +  y  J{(xf  +  8y),  when  x=5 
and  y=3. 
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15.  Find  the  value  of  a  J{x^  —  Sa)  +  x  J  (of  +  3a),  when  x  =  5 
and  a  =  8. 

1 6.  Find  the  value  of  a  +  b  J(x  ■^•y)  —  {a  —  h)  ^{x  —  y),  when 
a  =  10,  6  =  8,  33  =  12,  and  y  =  4. 

17.  If  a  =  16,  6  =  10,  03  =  5  and  y  =  l,  find  the  value  of 

{h^x){Ja^h)^^{{a^h){x  +  y)}; 
and  of  {a  -  y)  {J{2hx)  +  x'}  +  J{{a  -  aj)  (6  +  2/)}. 

18.  If  a  =  2,  6  =  3,  03=6  and  y=5,  find  the  value  of 

J{{a  +  6)V}  +  ^'{(a + X)  (y  -  2a)}  +  4^{(y  -  6)'a}. 


II.      CHANGE  OF  THE  ORDER  OP  TERMS.      REDUCTION  OF  LIKE 
TERMS.      ADDITION,   SUBTRACTION,   USE  OF  BRACKETS. 

25.  men  the  terms  of  an  expression  are  connected  by  the 
sign  +  it  is  indifierent  in  what  order  they  are  written;  thus 
a  +  h  and  h  +  a  give  the  same  result,  namely  the  sum  of  the 
numbers  which  are  denoted  by  a  and  6.  We  may  express  this 
fact  algebraically  thus : 

Similarly 

a+6+c=a+c+6=6+a+c=6+c+a=c+a+6=c+6+a. 

26.  When  an  algebraical  expression  consists  of  some  terms 
preceded  by  the  sign  +  and  some  terms  preceded  by  the  sign  — , 
we  may  write  the  former  terms  first  in  any  order  we  please, 
and  the  latter  terms  after  them  in  any  order  we  please. 
This  appears  from  the  same  considerations  as  before.  Thus,  for 
example, 

a  +  6  —  c  —  e  =  a  +  6  —  e  —  c  =  6  +  a  —  c  —  e  =  6  +  a  —  e  —  c. 

27.  In  some  cases  it  is  obvious  that  we  may  vary  the  order 
of  terms  still  further,  by  mixing  up  the  terms  preceded  by  the 
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sign  —  with  those  preceded  by  the  sign  +  •     Thus,  for  example^ 
if  a  represent  10,  b  represent  6,  and  e  represent  5,  then 

a  +  6-c  =  a  —  c+5  =  6-c4-a. 

If  however  a  represent  2,  b  represent  6,  and  c  represent  5, 
then  the  expression  a-c  +  b  presents  a  difficulty  because  we  are 
thus  apparently  required  to  take  a  greater  number  from  a  less, 
namely  5  from  2.  It  will  be  convenient  to  agree  that  such  an  ex- 
pression as  a  —  c  +  6  when  c  is  greater  than  a  shall  be  understood  to 
mean  the  same  thing  as  a  +  b  —  c.  At  present  we  shall  never  use 
such  an  expression  except  when  c  is  less  than  a  +  &,  so  that  a  +  b  —  c 
presents  no  difficulty.  Similarly  we  shall  consider  —b  +  ato  mean 
the  same  thing  sa  a—b.  We  shall  recur  to  this  point  hereafter  in 
Chapter  Y. 

28.  Thus  the  numerical  value  of  an  expression  remains  the 
same  whatever  may  be  the  order  of  the  terms  which  compose  it. 
This,  as  we  have  seen,  follows,  partly  from  our  notions  of  addition 
and  subtraction,  and  partly  from  an  agreement  as  to  the  meaning 
we  ascribe  to  an  expression  when  our  ordinary  arithmetical 
notions  are  not  strictly  applicable.  Such  an  agreement  is  called 
in  Algebra  a  eonventionf  and  conventional  is  the  corresponding 
adjective. 

29.  We  shall  frequently,  as  in  Article  26,  have  to  distinguish 
the  terms  of  an  expression  which  are  preceded  by  the  sign  +  from 
the  terms  which  are  preceded  by  the  sign  — ,  and  thus  the  follow- 
ing definition  is  adopted.  The  terms  in  an  algebraical  expression 
which  are  preceded  by  no  sign  or  which  are  preceded  by  the 
sign  +  are  called  positive  terms ;  the  terms  which  are  preceded 
by  the  sign  —  are  called  negative  terms.  This  definition  fc  intro- 
duced merely  for  the  sake  of  brevity,  and  no  meaning  is  to  be 
given  to  the  words  positive  and  negative  beyond  what  is  expressed 
in  the  definition.  The  student  will  notice  that  terms  preceded  by 
no  sign  are  treated  as  if  they  were  preceded  by  the  sign  + . 

30.  Sometimes  an  expression  includes  several  like  terms ;  in 
this  case  the  expression  admits  of  simplification.     For  example, 
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consider  the  expression  4a*6  —  3a'c  +  9ac'  -  2a^b  +  7a'c  —  6b' ;  this 
may  be  written  4a*6  -  2a'6  +  7a*c  -  3a'c  +  9ac*  -  66*  (Art.  28). 
Now  4a"6  —  2a^b  is  the  same  thing  as  2a%  and  7a'c  —  3a*c  is 
the  same  thing  as  4a'c.  Thus  the  expression  may  be  put  in  the 
simpler  form  2a'b  +  ia'c  +  9ac*  —  66*. 

ADDITION. 

31.  The  addition  of  algebraical  expressions  is  performed  by 
writing  the  terms  in  succession  each  preceded  by  its  proper  sign. 

For  suppose  we  have  to  add  c  — fl?  +  e  to  a  — 6;  this  is  the 
same  thing  as  adding  c+e  —  d  to  a  —  b  (Art.  28).  Now  if  we 
add  c  +  e  to  a  —  b  we  obtain  a  —  b  +  c  +  e;  we  have  however  thus 
added  d  too  much,  and  must  consequently  subtract  d.  Hence 
we  obtain  a  —  b  +  0  +  6  — d,  which  is  the  same  as  a  —  b  +  c—d  +  Cy 
thus  the  result  agrees  with  the  rule  above  given.  The  result  is 
called  the  swm. 

We  may  write  our  result  thus : 

a  —  b  +  (c  —  d  +  e)  =  a  —  b  +  c—d  +  e. 

32.  When  the  terms  of  the  expressions  which  are  to  be 
added  are  all  v/rdiJce^  the  sum  obtained  by  the  rule  does  not 
admit  of  simplification.  But  when  like  terms  occur  in  the  ex- 
pressions, we  may  simplify  as  in  Art.  30.  Hence  we  have  the 
following  rules : 

When  like  terms  have  the  sa/me  sign  their  sum,  is  f(y^nd  by 
taJdng  the  sum  of  the  coefficients  vnth  that  sign  and  annexing  the 
common  letters. 

ExAnple;  add  5a  — 3b  and  4a  — 76;  the  sum  is  9a  — 106. 
For  the  5a  and  the  4a  together  make  9a,  and  the  36  and  76 
together  make  106. 

Again;  add  4a'c  —  106cfe,  6a'c  —  9bde  and  lla'c  —  3bde.  The 
sum  is  21a'c  —  22bde. 

When  like  terms  occur  with  different  signs  their  sum  is  f&wnd 
by  taking  the  difference  of  the  sum,  of  the  positive  and  the  sum  of 
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the  negative  coefficients  with  the  sign  of  the  greater  sv/m  and  a7i- 
nexing  the  comTnon  letters  as  before. 

Example;  add  7a  — 9h  and  56-  4<x.     The  sum  is  3a— 46. 

Again ;    add  together   3a*  +  46c  —  e*  +  10,    5a^  +  66c  +  26^*  —  1 5 
and  4a*  -  96c  -  lOc'  +  21.     The  sum  is  12a*  +  6c  -  %'  +  16. 


SUBTKACTIOK 

33.  Suppose  we  have  to  take  6  +  c  from  a.  Then  as  each  of 
the  numbers  6  and  c  is  to  be  taken  from  a  the  result  is  denoted  by 
a  —  6  —  c.     That  is 

a  —  (6  +  c)  =  a  —  6  —  c. 

We  enclose  the  term  6  +  c  in  brackets,  because  both  the  num- 
bers 6  and  c  are  to  be  taken  from  a. 

Similarly     a  f  d—  (6  +  c  +  6)  =  a  +  c?— 6  —  c—  c. 

Next  suppose  we  haver  to  take  6  —  c  from  a.  If  we  take 
6  from  a  we  obtain  a  — 6;  but  we  have  thus  taken  too  much 
from  a,  for  we  are  required  to  take,  not  6  but,  6  diminished  by  c. 
Hence  we  must  increase  the  result  by  c;  thus 

a  —  (6  —  c)  =  a  —  6  +  c. 

Similarly,  suppose  we  have  to  take  h  —  c—d  +  e  from  a.  This 
is  the  same  thing  as  taking  6  +  e  —  c  —  c?  from  a.  Take  away  6  +  c 
from  a  and  the  result  is  a  —  6  —  c ;  then  add  c-¥d,  because  we 
were  to  take  away,  not  6  +  c  but,  6  +  e  diminished  by  c  +  c? ;  thus 

a  —  (6  —  c— c?+6)  =  a-6~e  +  c  +  c? 

=  a  — 6  +C  +  d—e, 

# 

34.  From  considering  these  cases  we  arrive  at  the  following 
rule  for  subtraction.  Change  the  sign  of  every  term  in  the  expres- 
sion to  he  subtracted^  and  then  add  it  to  the  other  expression.  Here 
as  before,  we  suppose  for  shortness,  that  where  there  is  no  sign 
before  a  term,  +  is  to  be  understood. 
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For  example;  take  a-h  from  3a +  6. 

3a  +  6  -  (a  -  6)  =  3a  +  5  -  a  +  5  =  2a  +  26. 

Again ;  take  5a*  +  4a5  -  Qxy  from  1  la'  +  3a6  -  ^xy. 
1  la*  +  3aft  -  4aj2/ -  {ba^  +  4a5  -  ^xy) 

=  1  la*  +  3a6  —  ^ocy  -  M  —  4a6  +  ^xy  =  6a*  —  a6  +  2a;y. 

BKACKETS. 

35.  On  account  of  the  frequent  occurrence  of  brackets  in 
algebraical  investigations,  it  is  advisable  to  call  the  attention 
of  the  student  eocplicitly  to  the  laws  respecting  their  use.  These 
laws  have  already  been  established,  and  we  have  only  to  give 
them  a  verbal  enunciation. 

When  an  expression  within  brackets  is  preceded  by  the  sign  + 
the  brackets  may  be  removed. 

Thus  a-b  +  {c-d  +  e)  =  a'-b  +  c--d  +  e,  (Art.  31). 

And  consequenMy  any  number  of  terms  in  an  expression  may  be 
enclosed  by  brackets,  and  the  sign  +  placed  before  tJie  whole. 

Thus  a  —  b  +  c  —  d+e  may  be  written  in  the  following  ways, 

a-6  +  c  +  (-c?+e),     a— c?+ (c  +  e-5),     a+ (-c?  +  c  +  e  — 5), 
and  so  on. 

When  an  expression  within  brackets  is  preceded  by  the  sign  — 
the  brackets  Ttiay  be  removed  if  the  sign  of  every  term  within  the 
brackets  be  changed,  namely  +  to  —  and  —  to  +. 

Thus  a-{b-c-d  +  e)=a-b  +  c  +  d-ey  (Art.  34). 

And  consequently  a/ay  number  of  terms  in  an  eocpression  may 
be  enclosed  by  brackets  a/nd  the  sign  —  placed  before  the  whole, 
provided  the  sign  of  every  term  unthin  the  brackets  be  changed. 

Thus  a  —  b  +  c  +  d-e  may  be  written  in  the  following  ways, 

a—b  +  c—(—d+e),     a—  (b  —  c  —  d-he),     a-hc  —  {b  —  d+e), 
and  so  on.         , 
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36.  Expressions  may  occur  with  more  than  one  pair  of 
brackets;  these  may  be  removed  in  succession  by  the  preceding 
rules  beginning  with  the  inside  pair.     Thus,  for  example, 

a  +  {6  +  (c  -  <?)}  =  a  +  {6  +  c  -  (/}  =  a  +  5  +  c  -  e?, 
a  +  {6-  (c-c?)}  =  a  +  {6-c  +  (i}  =  a  +  6  -c  +  d, 
a  —  {b  +  {c-d)}  =  a^{b+C'-d}  =  a  —  h'-c  +  d, 
a-'{b  —  (c-'d)}  =  a  —  {b  —  c  +  d}  =  a  —  b  +  c  —  d. 

Similarly, 

a-[b-{c-{d'-e)}]=-a-[b-{C''d  +  e}] 
=  a  —  [b  —  c  +  d—e]  =  a  —  b  +  c  —  d-^e. 

It  will  be  seen  in  these  examples  that,  to  prevent  confusion 
between  various  pairs  of  brackets,  we  use  brackets  of  different 
shapes;  we  might  distinguish  by  using  brackets  of  the  same  shape 
but  of  different  sizes. 

A  vinculum  is  equivalent  to  a  bracket;  see  Art.  30.  Thus, 
for  example. 


a^[b-{c^{d^e-/)}]  =  a^[b-{c-(d-e+/)}] 
=  a-[b-{c-d  +  e  -/}]  =  a-[b-c+d-e  +/] 
=  a  —  b-\-c  —  d  +  e  —f. 

In  like  manner  more  than  one  pair  of  brackets  may  be  intro- 
duced.    Thus,  for  example, 

a—b-\-c-d+e  =  a-\b-c-\-d—e}  =  a  —  \b'-{c'-d+e)Y 

37.  The  beginner  is  recommended  always  to  remove  brackets 
in  the  or^er  shewn  in  the  preceding  Article ;  namely,  by  removing 
first  the  innermost  pair,  next  the  innermost  pair  of  all  which  re- 
main, and  so  on.  We  may  however  vary  the  order;  but  if  we 
remove  a  pair  of  brackets  including  another  bracketed  expression 
within  it,  we  must  mxike  no  chcmge  vn  the  signs  of  the  included  exn 
pression.  In  &ct  such  an  included  expression  counts  as  a  single 
term.     Thus,  for  example. 
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a  +  {b+(c-d)}  =  a  +  h  +  {c'-d)  =  a  +  b+c-dy 
a+{b-(c-d)}  =  a  +  b-{c-d)  =  a+b-c  +  d, 
a  -  {6  +  (c  —  c?)}  =  a  -  6  -  (c  —  c^)  =  a  —  6  —  c  +  fl?, 
a-{b-{c-d)}  =  a  —  b  +  {c-'d)  =  a'-b  +  c-d. 

Also,  a-[b-{c-(d-e)}]  =  a-b  +  {c-{d-e)} 

=  a  —  b  +  c  —  (d  —  e)=a  —  b-{-c  —  d  +  e. 


And  in  like  manner,  a—[b  —  {c  —  {d-e  — /)}] 


=  a-b  +  {c-{d-'e  -f)  )  =  a-b  +  c-{d-e  -/) 
=  a-b  + c  —  d  +  e—/=a  —  b +  c  —  d+e—/, 

EXAMPLES. 

1.  Add  together  4a  —  56  +  3c  —  2dy  a  +  6  —  4c  +  5dy 

3a-76  +  6c+4c?  and  a  +  ib-c-7d, 

2.  Add  together  a;^  +  2a;"  -  3a;  +  1,  2a;°  -  3a;"  +  4a;  -  2, 

3a;' +  4a;" +  5  and  4a;"  -  3a;"  -  5a;  +  9. 

3.  Add  together 

a;"-3a;y  +  y"  +  a;  +  y- 1,  2a;"  +  4a;y -  3^" -  2a; - 2y  +  3, 
3aj"  —  5xy  —  4^^"  +  3a;  +  4y  —  2  and  6a;"  +  lOa^  +  5^"  +  a;  +  y. 

4.  Add  together  x^  —  2<iotf  +  a"a;,  a;®  +  3aa;"  and  2a;'  —  aa^. 

5.  Add  together  4a5  — a;",  3af'-2ab  and  2ax  +  2bx, 

6.  From  5a - 35  +  4c -•  7fl?  take  2a-2b  +  3c-d, 

7.  From  a;*  +  4a;' -  2a;"  +  7a;  -  1  take  a;*+ 2a;'-2a;"+ 6a;- 1. 

8.  Subtract  a"  —  aa;  +  a;"  from  3a"  —  2aa;  +  a;". 

9.  Subtract  a  —  b  —  2{c  —  d)  fix)m  2  (a  —  6)  -  c  +  c?. 

10.  Subtract  (a-b)x  —  {b  —  c)y  from  (a  +  6)a;  +  (6 +c)y. 

11.  Remove  the  brackets  from  a— {6  — (c  — c?)}. 

12.  Remove  the  brackets  from  a— {(6  — c)  — c?}. 

13.  Remove  the  brackets  from  a  +  2b  —  6a''  {36  --  (6a  —  66)}. 

14.  Remove  the  brackets  from  7a -{3a- [4a -(5a -2a)]}. 
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15.  Also  from  3a  —  [a-^b  —  {a  +  b  +  c—{a  +  h  +  c  +  c[)}]. 

1 6.  Also  from  2x  -  [3y  -  {ix  -  (5y  -  6x)}]. 

17.  Also  from  a  -  [26  4-  {3c  -3a-{a  +  h)}  +  2a-{b  +  3c)]. 

1 8.  Also  from  a -[5b -{a-  (3c  -  36)  +  2c -{a '-2b-  c)}]. 

19.  If  a  =  2,  6  =  3,  33=6  and  y  =  5,  find  the  value  of 

a  +  2x-{b  +  9/-[a-x-(b-2t/)]}, 

20.  Simplify 
4a;'-2icVic+l-(3a;'-iB'-a;-7)-(aj'-4a;'+2a;  +  8). 


III.     MULTIPLICATION.   - 

38.  We  have  already  stated  that  the  product  of  the  numbers 
denoted  by  any  letters  may  be  denoted  by  writing  those  letters  in 
succession  without  any  sign  between  them;  thus  abed  denotes  the 
product  of  the  numbers  denoted  by  a,  6,  c  and  d.  We  suppose  the 
student  to  know  from  Arithmetic,  that  the  product  of  any  num- 
ber of  factors  is  the  same  in  whatever  order  the  factors  may  be 
taken;  thus  abc  =  acb  =  bca,  and  so  on. 

39.  Suppose  we  have  to  form  the  product  of  4a,  56,  and  3c; 
this  product  may  be  written  at  full  thus,  4xax5x6x3xc,  or 
4  X  5  X  3  X  a6c,  that  is  60a6c.  And  thus  we  may  deduce  the 
following  rule  for  the  multiplication  of  simple  terms :  multiply 
together  the  numerical  coefficients  and  put  the  letters  aft&r  the 
product 

40.  The  notation  adopted  to  represent  the  powers  of  a  num- 
ber, (Art.  17),  will  enable  us  to  prove  the  following  rule :  the 
powers  of  a  number  are  multiplied  by  adding  the  exponents,  for 
a®xa*  =  axaxaxaxa  =  a*  =  a^^*;  and  similarly  any  other  case 
may  be  established. 

Thus  if  m  and  n  are  any  whole  numbers,  a""  xa'*^  a"*^". 
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41.  "We  may  if  we  please  indicate  the  product  of  the  same 
powers  of  different  letters  by  writing  the  letters  within  brackets, 
and  placing  the  index  over  the  whole.  Thus  a*  x  6*  =  (a5)*  j  this 
is  obvious  since  {ahy  =  abxab  =  axaxhxb.     Similarly, 

y  d^xh^  xc^=  (ahcf. 

Thus  a"  X  6"=  (a6)";  a"  x  6"  x  c"  =  (a6c)";  and  so  on  for  any 
number  of  factors. 

42.  Suppose  it  required  to  multiply  a  +  h  by  c.  The  pro- 
duct of  a  and  c  is  denoted  by  ac,  and  the  product  of  h  and  c 
is  denoted  by  he ;  hence  the  product  oi  a  +  h  and  c  is  denoted  by 
ac  +  hc.  For  it  follows,  as  in  Arithmetic,  from  our  notion  of 
multiplication,  that  to  multiply  any  quantity  by  a  number  we 
have  only  to  multiply  all  the  parts  of  that  quantity  by  the  number 
and  add  the  result's.     Thus 

(a  +  6)  c  =  ac  +  he, 

43.  Suppose  it  required  to  multiply  a  —  h  by  c.     Here  the 

product  of  a  and  c  must  be  diminished  by  the  product  of  h 

and  c.     Thus 

(a'-h)c  =  ac-~  he. 

44.  Suppose  it  required  to  multiply  a  +  h  hy  c  +  d.  It 
follows,  as  in  Arithmetic,  from  our  notions  of  multiplication, 
that  if  a  quantity  is  to  be  multiplied  by  any  number,  we  may 
separate  the  midtiplier  into  parts  the  sum  of  which  is  equal  to 
the  mtdtiplier,  and  take  the  product  of  the  quantity  by  each  part, 
and  add  these  partial  products  to  form  the  complete  product. 

Thus  {a  +  b){c-hd)  =  (a-^h)c  +  (a  +  h)d; 

also  {a  +  h)e  =  ac  +  he,  and  (a  +  h)d  =  ad-^hd} 

thus  (a  +  6)  (c  +  c?)  =  ac  +  6c  +  a^  +  hd. 

45.  Suppose  it  required  to  multiply  a  —  h  by  c  +  d.  Here 
the  product  of  a  and  c  +  d  must  be  diminished  by  the  product  of 
b  and  cfd.     Thus 

{a-h){c  +  d)  =  a{c  +  d)-h{e-^d) 

^  ac  +  ad  —  {be -{-  hd)  =  ac-had—bc  —  bd. 
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46.  Suppose  it  required  to  multiply  a  +  h  by  c  —  d.  Here 
the  product  of  a  +  6  and  c  must  be  diminished  by  the  product 
of  a  +  5  and  d.     Thus 

(a  +  b)(c-d)  =  (a  +  h)c-{a-[-b)d 

=  oo  +  6c  —  (ad  +  bd)  ^^ac  +  bc  —  ad—bd. 

47.  Suppose  it  required  to  multiply  a  —  b  by  c  —  d.  Here 
the  product  of  a  —  6  and  c  must  be  diminished  by  the  product 
of  a  —  b  and  d.     Thus 

(a  -  6)  (c  -  c?)     (a  -  6)  c  -  (a  -  6)  c? 

=  ac  —  6c  —  (ac?  —  6c?)  =  ac  —  be  —  ad  +  bd, 

48.  From  considering  the  above  cases  we  arrive  at  the  fol- 
lowing rule  for  multiplying  two  binomial  expressions.  Multiply 
each  term  of  the  multiplicand  by  each  term,  of  the  m/ultiplier;  if  the 
terms  have  the  same  sign,  prefix  the  sign  +  to  their  product,  if  tliey 
have  different  signs  prefix  the  sign  —  /  then  collect  these  partial 
products  to  form  tJie  complete  product 

The  rules  with  respect  to  the  sign  of  each  partial  product  are 
often  enunciated  thus  for  shortness :  like  signs  prodUfCe  + ,  and 
unlike  signs  produce  — . 

49.  It  appears  from  the  preceding  Articles,  that  correspond- 
ing to  the  terms  —  6  and  c  which  occur  in  two  binomial  factors, 
there  is  a  term  —  6c  in  the  product  of  the  factors.  Hence  it  is 
often  stated  as  an  independent  truth  that  —  6  x  c  =  —  6c. 

Similarly,  we  observe,  that  corresponding  to  the  terms  —  6  and 
—  c  which  occur  in  two  binomial  factors,  there  is  a  term  6c  in  the 
product  of  the  factors;  hence  it  is  often  stated  as  an  independent 
truth,  that  —  6  x  —  c  =  6c.  These  statements  will  be  examined  and 
explained  in  Chapter  v. 

50.  The  rule  given  in  Article  48  will  hold  for  the  multipli- 
cation of  any  algebraical  expressions.  This  will  appear  from 
considering  a  few  examples.     Suppose,  for  instance,  we  have  to 
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multiply   4a*  —  5ab  +  65*  hj  2a^  —  3ab  +  46*.     The  required  pro- 
duct here  is 

2a*  (4a*  -  5a6  +  66*)  -  3a5  (4a*  ^5aA  +  66*)  +  46*  (4a*  -  5a6  +  66*)  j 

thus  we  obtain 

(8a*-  lOa'6  +  12a*6*)  -r  (12a«6  -  10a*6*  +  18a6«) 

+  (16a*6*-20a6'  +  246*), 
that  is, 

Sa'  -  10a»6  +  12a*6*  -  12a'6  +  15a*6*  -  18a6'  +  16a*6»  -  20a6»  +  246\ 

This  result  agrees  with  the  rule.     If  we  simplify  the  result  by 
collecting  the  like  terms  we  obtain 

8a*  -  22a'6  +  43a*6*  -  38a6»  +  246*. 

The  whole  operation  may  be  conveniently  arranged  thus : 

4a*-5a6  +  66* 
2a*- 3a6  + 46* 


8a*-10a'6  +  12a*6* 

-12a'6  +  15a*6*-18a6" 

+  16a*6*-20a6  +246* 

.8a*  -  22a'6  +  43a*6*  -  38a6»  +  246* 

51.  The  student  should  carefully  notice  the  arrangement  of 
the  above  operation.  The  expressions  which  we  wish  to  multiply 
are  here  said  to  be  arranged  according  to  descending  powers  of  a; 
for  in  the  expression  4a*  —  5a6  +  66*  the  term  which  contains  the 
highest  power  of  a  is  4a*,  and  this  is  placed  first;  next  we  place 
—  da6  which  contains  a,  and  last  we  place  the  term  +  66*,  which 
does  not  contain  a  at  all.  Similarly  the  other  factor  2a*—  3a6  +  46* 
is  arranged.  The  partial  products  which  arise  are  so  arranged 
that  like  terms  occur  in  the  same  column,  and  thus  we  collect 
them  more  easily. 

The  factors  might  also  have  been  arranged  thus  66*—  5a6  +  4a* 
and  46'  —  3a6  +  2af\  they  are  then  said  to  be  arranged  according 
to  ascending  powers  of  a*     It  is  of  no  consequence  whichi  order 

T,A.  2 
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we  adopt,  but  we  should  take  the  «ame  order  for  the  multiplicand 
and  the  multiplier. 

52.     Again ;  multiply  2aj*  +  Sa?  +  4:  by  2x*  -  3a;  +  4.     The  ope- 
ration may  be  arranged  thus : 

2a;'+3a;  +  4 
2aj'-3a;  +  4 


4iB*  +  6a»  +  8aj" 

-6a»-9aj'-12a; 

+  8a;'  +  12a;  +  16 

4a;*  +7a;"  +16 

Thus  the  product  is  4a;*  +  7a;'  +  16. 

53.     The  foUowiDg  three  examples  are  deserving  of  special 
notice, 

a+6  a— 6  a+6 

a+6  a— 6  a— 6 


a'  +  a6 

+  a6    +6' 

-ah    +6* 

a'+a6 

»•  +  2a6  +  6» 

a"-2a6  +  6' 

a»-6» 

The  first  example  gives  the  value  of  (a  +  5)  (a  +  6),  that  is,  of 
(a  +  6)*  j  we  thus  find 

(a  +  6)"  =  a'+2a6  +  6". 

Thus  <A6  squa/re  of  the  sum  of  tivo  nwmbers  ia  equal  to  the 
siMn  of  the  squa/res  of  the  two  numhera  increased  hy  twice  their 
prodvAit. 

Again  we  have 

(a-.6)'  =  a"-2a6  +  5'. 

Thus  the  square  of  the  difference  of  two  nwmbers  is  equal  to  the 
swm  of  the  squa/res  of  the  two  numbers  diminished  hy  twice  their 
product. 
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Also  we  have 

(a +  6)  (a- 5)  =  a* -6". 

Thus  the  produrct  of  the  sum  and  difference  of  two  ntimbers  is 
eqtuU  to  the  difference  of  their  squa/res, 

54.  We  may  here  indicate  the  meaning  of  the  sign  ±  which 
is  sometimes  used,  and  which  is  called  the  double  sign. 

Since  (a  +  hf  =  a'  +  2ab  +  6", 

and  (a-6)*  =  a'-2ai  +  5^ 

we  may  write  (a  ±  by  =  a'  ±  2ab  +  b'. 

Thus  at  indicates  that  we  may  take  either  the  sign  +  or  the 
sign  — ;  a  ±  6  is  read  thus,  "  a  pliis  or  minus  b." 

55.  The  results  given  in  Art.  53  furnish  a  simple  example  of 
the  use  of  Algebra  j  we  may  say  that  Algebra  enables  us  to 
prove  general  theorems  respecting  numhers,  and  also  to  express 
those  theorems  briefly.     For  example,  the  result 

id  proved  to  be  true,  and  is  stated  thus  by  symbols  more  com- 
pactly than  by  words. 

There  are  other  results  in  multiplication  which  are  of  less 
importance  than  the  three  formiilsB  given  in  Art.  53,  but  which 
are  deserving  of  attention.  We  place  them  here  in  order  that  the 
student  may  be  able  to  refer  to  them  when  tliey  are  wanted, 
they  can  be  easily  verified  by  actual  multiplication. 

{a  +  b)  (a'-ab  +  b')^a''-\'b% 
{a-'b){a^  ^  ab  +  b^)  =  a''  -b\ 

{a-Vf^ia-b)  (of-2ab  +  6")  =  a»  -  3a'6  +  3a6' -  b\ 
.    (a  +  6  +  c)"  =  a'+  3a* (6  +c)  +  3a(5  +  c)*  +  (6 +c)*, 
=  a'+ 3a'(6  +  c)  +  3a(6'  + 26c  +  c»)  +  6'+ 36'c  + 3ftc*  +  c« 
=  a'  +  6*  +  c"  +  3a*(6  +  c)+36'(a  +  c)+3c»(a  +  6)  +  6a6c. 

2—2 
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56,  By  lisiiig  the  /ormulcB  given  in  Art.  53,  tlie  process  of 
multiplication  may  be  often  simplified.  Thus  suppose  we  have  to 
multiply  a-hh  +  c-^d  by  a  +  b  —  c  —  d.  This  is  the  same  thing  as 
multiplying  (a  +  6)  +  (c  +  d)  by  (a  +  6)  —  (c  +  d).  Then  by  the 
third  formula  we  have 

{{a  +  h)  +  {c  +  d)}{(a  +  h)-'(c-hd)}  =  (a  +  by'-{c  +  dy. 

Next  we  can  express  (a  +  by  and  (c  +  cT)'  by  means  of  the  first 
formula ;  thus  finally 

(a  +  5+c  +  f^(a  +  6-c-(^)=a*+6*+  2ab  ^c'-d^-  2cd. 

57.  From  an  examination  of  the  examples  here  given,  and 
those  which  are  left  to  be  worked,  the  student  will  recognise  the 
truth  of  the  following  laws  with  respect  to  the  result  of  multi- 
plying algebraical  expressions. 

The  number  of  terms  in  the  product  of  two  algebraical  ex- 
pressions is  never  greater  than  the  product  of  the  numbers  of  the 
terms  in  the  two  expressions,  but  may  be  less,  owing  to  the 
simplification  produced  by  collecting  like  terms. 

When  the  multiplicand  and  multiplier  are  both  arranged  in  the 
same  way  according  to  the  powers  of  some  common  letter,  the  first 
and  last  terms  of  the  product  are  unlike  any  other  terms.  For  in- 
stance, in  the  example  of  Art.  50,  the  multiplicand  and  multiplier 
are  arranged  according  to  powers  of  a;  the  Jirst  term  of  the 
product  is  8a*  and  the  last  term  is  246*,  and  there  are  no  other 
terms  which  are  like  these;  in  fact,  the  other  terms  contain  a 
raised  to  some  power  less  than  the  fourth  power,  and  thus  they 
differ  from  8a*;  and  they  all  contain  a  to  some  power,  and  thus 
they  differ  from  246*. 

"When  the  multiplicand  and  multiplier  are  both  homogeneous 
the  product  is  homogeneous,  and  the  number  of  the  dimensions  of 
the  product  is  the  sum  of  the  numbers  which  express  the  dimen- 
sions of  the  multiplicand  and  multiplier.  Thus  in  the  example  of 
Art.  50,  the  multiplicand  is  homogeneous  and  of  two  dimensions, 
and  the  multiplier  is  homogeneous  and  of  two  dimensions ;  the 
product  is  homogeneous  and  of  four  dimensions.     The  law  here 
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stated  and  exemplified  is  of  great  importance  as  it  serves  to  test 
the  accuracy  of  algebraical  work ;  and  accordingly  the  student  is 
recommended  to  pay  great  attention  to  the  dimensions  of  the 
terms  in  the  results  which  he  obtains. 

There  is  another  law  which  is  often  useful  in  testing  the 
accuracy  of  algebraical  work,  which  we  may  call  the  law  of 
symmetry.     Suppose  we  require  the  product 

(ic  +  a  +  6)  (a;  +  6  +  c)  (a;  +  c  +  a). 

Here  a,  6,  and  e  occur  symmetrically.  If  we  put  a  instead  of  c, 
and  c  instead  of  a,  we  shall  only  change  the  order  of  the  factors ; 
and  this  will  produce  no  change  in  the  result.  Similarly  a  and  b 
may  be  interchanged,  or  b  and  c  may  be  interchanged,  without 
changing  the  value  of  the  result.  We  may  expect  then  that 
the  result  will  bo  symmetrical  with  respect  to  a,  b,  and  c;  and 
we  shall  find  this  to  be  the  case.     The  result  is 

a^  +  2af(a  +  b  +  c)  •hx{a'  +  b'  +  c' -h  3 {ab -{-be -h ca)} 

+  a*(6  +  c)  +  &*(<?  +  a)  +  c'(a  +  6)  +  2a6c. 

It  will  be  seen  that  this  expression  is  symmetrical  with  respect  to 
a,  5,  and  c  Take,  for  example,  the  coefficient  of  x';  this  is 
2  (a  +  6  +  c),  that  is,  2a  +  2b  -^  2c:  if  then  a  student  had  obtained 
an  unsymmetrical  result,  suppose  2a  +  2b  +  c,  it  would  be  obvious 
to  a  person  acquainted  with  the  subject  that  there  must  be  an 
error  in  the  work. 

The  law  of  symmetry  is  one  with  which  the  student  will 
gradually  become  familiar;  for  the  further  he  proceeds  in  Algebra, 
the  more  frequent  will  be  the  occasions  on  which  the  law  is 
of  servica 
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1.  Multiply  2p-q  by  2q+p. 

2.  Multiply  a'  +  3a6  +  2b'  by  7a  -  5b. 

3.  Multiply  a'-ab-h  b'  by  a'-hab-  V. 

4.  Multiply  a'  -  oft  +  2b'  by  a'+ab-  2b\ 

5.  Multiply  a'  +  2ax  +  x'  by  a'  +  2ax  -  ic*. 
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6.  Multiply  a'  +  Aax  -f  ia^  by  a'  -  4ax  +  ioc^. 

7.  Multiply  a*  —  2ax  +  6a?  -  aj'  by  b  +  x. 

8.  Multiply  1 5i»*  + 1 8aa;  -  14a'  by  iaf-2ax-  a*. 

9.  Multiply  Sa?**  +  4aj*  +  Saj  +  1 6  by  3a;  -  6. 

10.  Multiply  2a;*  -  8a;y  +  9/  by  2x  -  3y. 

11.  Multiply  4a;'-  3a?y-/  by  3a;- 2y. 

12.  Multiply  ar*  —  a;*y  +  asy*  —  y*  by  a;  +  y. 

13.  Multiply  a5  +  2y  -  3«f  by  a?-  2y  +  3«. 

14.  Multiply  2a^  +  3a;y  +  4y*  by  3a5^  -  4a;y  +  y*. 

15.  Multiply  a;*  +  a5y  +  y*  by  a;*  4-  a»  +  «*. 

16.  Multiply  a'+6'  +  c*- 6c-ca-a6  by  a  +  b  +  c. 

17.  Multiply  a;*  —  ajy  +  y' +  a;  +  y  +  1  by  a;  +  y— 1. 

18.  '  Multiply  a;«  +  4a;'  +  5a?-24  by  a;'- 4a; +  11. 

19.  Multiply  a;'- 42?*+ 11a;- 24  by  a;'-h4a?  +  5. 

20.  Multiply  a;"-2a;»  +  3a;-4by4a:^+3a;^  +  2a;+l. 

21.  Multiply  a;*+2a;»+a;'-4a;-ll  by  a?* -2a; +  3. 

22.  Multiply  a;'-5a;*  +  13a;»-a;'-a;  +  2  by  a^-2x-2, 

23.  Multiply  a*-2a»+ 3a'-2a  +  l  by  a*  +  2a»  +  3a' +  2a  +  1. 

24.  Multiply  together  a  —  x,  a-^x,  and  a'  +  oc^. 

25.  Multiply  together  a?- 3,  a;  —  1,  ar+1,  and  a;  +  3. 

26.  Multiply  together  a?  —x-\-  1,  a;*  +  a;+l,  and  a;*  —  a;*  + 1. 

27.  Multiply  a;*  —  aa^  +  bix?  —  ex -^ d  hj  a;*  +  aa;*-  bx'+cx-  d, 

28.  Shew  that  {x  +  a)*  =x*+  4a;*a  -t-  6a;'a'  +  4a;a*  +  a\ 

29.  Shew  that  a;(a;  +  l)(a;  +  2)(a;+  3)  + 1  =  (a;^  +  3a; -t- 1)'. 

30.  Multiply  together  a  +  x,  b  +  x,  and  c  +  x, 

31.  Multiply  together  x—a,  x  —  b,  a?  —  c,  and  x  —  d. 

32.  Multiply  together  a  +  6-c,  a-hc  —  b,  b  +  c  —  a^  and  a+b+c, 

33.  Simplify  {a  +  b){b  +  c)-(c  +  d)(d+a)-{a  +  c){b-d), 

34.  Simplify  {a  +  b +  c+dy  +  {a-'b-c  +  dY  +  (a-b  +  c-d)' 

+  (a  +  6-c-c?)'. 


;*. 
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35.  Prove  that' (a?+y  +  «)'-(ic'+y«+«*)  =  3(y+«)(«+aj)(aj  +  y). 

36.  Simplify  (a  +  6  +  c)*—  a(6  +  c  -  a)  —  6(a  +  c  —  5)  —  c(a+b—c). 

37.  Simplify  (aj-y)»+(a;+y)»+3(a;-y)'(a;  +  y)+3(a;  +  y)'(aj-'y). 

38.  Simplify  (a*+  b'-^ d^-  (a  +  6  +  c)(a + 6  -  c)  (a + c- 6)  (6 + c -  a). 

39.  Simplify  (a*+6'+c')*+(a+6+c)(a+6-c)(a  +  c-6)(6  +  c-a). 

40.  Prove  that  a®  +  y®  +  (a?  +  y)'  =  2  (aj*  +  icy  +  y")* 

+  8a;'2/'  («  +  y)*  (»'  +  a?y  +  y*). 

41.  Prove  that  4a:y  («"  +  y*)  =  (a;' +  a^  +  y*)*  -  (oj"  -  ay  +  y*)'. 

42.  Prove  that  4a;y(aj'-y')-(a:'  +  a;y-yy-(a"-a?y-y^'. 

43.  Multiply  together  (a*-  3a;  +  2)'  and  x^-¥Qx-\- 1. 

44.  Multiply  a;*  +  a*  -  oa?  (a.^  +  a")  by  a*  +  a*  -  aa?  (a?  +  a). 

45.  Multiply  {a  +  5)'  by  {a  -  5)\ 

46.  If  «  =  a  +  6  +  c,  prove  that 
«(«-26)(ir-2c)  +  «(«-2c)(«-.2a)  +  «(«-2a)(«--26) 

=  («-2a)(5-26)(«-2c)+8a6c. 

lY.     DIVISION. 

58.  Division,  as  in  Arithmetic,  is  the  inverse  of  Multipli- 
cation. In  Multiplication  we  determine  the  product  arising  from 
two  given  factors;  in  Division  we  have  the  product  and  one  of 
the  factors  given,  and  our  object  is  to  determine  the  other  Victor. 
The  factor  to  be  determined  is  called  the  quotient, 

59.  Since  the  product  of  the  numbers  denoted  by  a  and  h 
is  denoted  by  ah,  the  quotient  of  ah  divided  by  a  is  &;  thus 
ah-^a  =  hy  and  also  aJ-fftssa.  Similarly,  we  have  abc-Ta  =  bc, 
ah€-Tb  =  ac,  abc-rc  =  ab;  and  also  abc-7-bc  =  <iy  c^-i-ao^b, 
abc  -irab^sc.     These  results  may  also  be  written  thus  : 

abc     y  abc  abc       , 

—  =  0Cj  '-Y-  =  ac,  — =ao; 

a  b  0 

ahc  ahc     .  ahc 

DC  ac  a6 


24  DIVISION. 

60.  Suppose  we  require  tlie  quotient  of  tfOoJc  divided  by  3c. 
Since  60abc  =  20ah  x  3c  we  have  60abc  -r  3c  =  20ab.  Similarly, 
60a5c-r4a=156c;  60a6cr-5a5  =  12cj  and  so  on.  Thus  we  may 
deduce  the  following  rule  for  dividing  one  simple  term  by  another : 
If  the  numericcd  coefficient  and  literal  product  of  the  divisor  be 
found  in  the  dividend,  the  other  paH  of  the  dividend  is  the 
quotient. 

61.  If  the  numerical  coefficient  and  literal  product  of  the 
divisor  be  Tiot  found  in  the  dividend,  we  can  only  indicate  the 
division  by  the  notation  we  have  appropriated  for  that  purpose. 
Thus  if  5a  is  to  be  divided  by  2c,  the  quotient  can  only  be  indi- 

cated  by  5fl&-r2c,  or  by  -^ .     In  some  cases  we  may  however 

simplify  the  expression  for  the  quotient  by  a  principle  already 
used  in  Arithmetic.     Thus  if  15a'b  is  to  be  divided  by  66c,  the 

quotient  is  denoted  by    ^,     .     Here  the  dividend  =  36  x  5a',  and 

the  divisor  =36  x  2c;  thus  in  the  same  way  as  in  Arithmetic  we 

may  remove  the  factor  36,  which  occurs  in  both  dividend  and 

5a' 
divisor,  and  denote  the  quotient  by  -^  . 

62.  One  power  of  any  nurrhber  is  divided  by  omMher  power 
of  the  same  number  by  subtracting  the  index  of  the  latter  power 
from  the  index  of  tite  former. 

Thus  a*-fa*  =  axaxaxaxa-faxa  =  axaxa  =  a*=  a*"'. 
Similarly  any  other  case  may  be  established. 

Hence  if  m  and  n  be  any  whole  numbers,  and  m  greater 


a"* 


than  n,  we  have  a*  -f  a"  or  —  =  a"*~". 
'  a 


a' 


63.     Again,  suppose  we  have  such  an  expression  as  -j .     We 


a 


(1  ^  1 

may  write  it  thus  -^ g ;  then,  as  in  Art.  61,  we  may  remove 

a  y^  a 
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the  common  factor  of.     Thus  we  obtain  —  =  -5 .     Similarly  any- 
other  case  may  b^  established.     Hence  if  w  and  n  be  any  whole 

cT        1 
numbers,  and  m  less  than  n.  we  hare  a*"  -r  a"  or  -=•  =  -r-= . 

64.     Suppose  such  an  expression  as  ^j  to  occur;  this  may  be 

written  thus  (r  )  •     For  (  ^  j  means  t  x  r,  and  t^  r  —  j^y  as  we 

know  from  Arithmetic,  and  as  will  be  shewn  in  Chapter  Viii. 
Similarly  any  other  case  may  be  established. 


Hence  if  w  be  any  whole  number  tj  =  \tA  • 


^^,  WTien  the  dividend  contains  more  tha/n  one  term^  and  the 
divisor  contains  only  one  term,  we  must  divide  each  term  of  the 
dividend  hy  the  divisor,  and  then  collect  the  partial  quotients  to  ob- 
tain the  complete  quotient, 

•1    • 

Thus,         — 7 —  =  a  -  c  j  for  (a  —  c)  6  =  a6  -  c6. 

=  b  —  c  +  di  for  (6  —  c  +  c?)  06  =  ab'  —  abc  +  abd. 

In  the  first  example  we  see  that  corresponding  to  the  term  ab 
in  the  dividend  and  to  the  divisor  b  there  is  the  term  a  in  the 
quotient;  and  corresponding  to  the  term  —cb  in  the  dividend 
and  to  the  divisor  b  there  is  the  term  -  c  in  the  quotient. 

We  have  already  stated  in  Art.  49,  that  the  following  results 
are  admitted  for  the  present,  subject  to  future  explanation, 

bx  —  c  =  '-bc,  —b  X''C  =  bc, 

Similarly,  the  following  results  may  be  admitted, 

-be     .  be        ^ 

=  0,  —  =  —  0. 

—  c  —c 
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Thus  in  Division  as  in  Multiplication^  the  sign  of  the  quotient 
is  deduced  from  the  signs  of  the  dividend  and  divisor  by  the  rule^ 
like  signs  produce  +,  and  unlike  signs  produce  —, 

66.  When  the  divisor  as  well  as  the  dividend  contains  more 
than  one  term,  we  must  perform  the  operation  of  algebraical 
division  in  the  same  waj  as  the  operation  called  Long  Division  in 
Arithmetic.     The  following  rule  may  be  given  : 

Arrange  both  dividend  and  divisor  according  to  the  powers  of 
some  common  letter — either  both  a^ccording  to  ascending  potvers,  or 
both  according  to  descending  powers.  Find  how  often  thef/rst  term 
of  the  divisor  is  contained  in  the  first  term  of  the  dividend,  and 
write  down  this  result  Jor  the  first  term  of  the  quotient;  multiply 
the  whole  divisor  by  this  term,  and  subtract  the  product  from  the 
dividend,  Bring  doivn  as  many  terms  of  the  dividend  as  the  case 
may  require,  and  repeat  the  operation  till  aU  the  terms  a/re  brought 
down. 

Example.     Divide  a'  —  2ah  +  6®  by  a  —  6. 
The  operation  may  be  arranged  thus  : 

a* —  ah 


-ab-^V 
-ab-^b' 


The  reason  for  the  rule  is,  that  the  whole  dividend  may  be 
divided  into  as  many  parts  as  may  be  convenient,  and  the  com- 
plete quotient  is  found  by  taking  the  sum  of  all  the  partial  quo- 
tients. Thus,  in  the  example,  a'  ~  2db  +  5*  is  really  divided  by  the 
process  into  two  parts,  namely,  a*  —  ab  and  —  a6  +  6',  and  each  of 
these  parts  is  divided  by  a—.b;  thus  we  obtain  the  complete 
quotient  a—b, 

67.  It  may  happen,  as  in  Arithmetic,  that  the  division  can- 
not be  exactly  performed.  Thus,  for  example,  if  we  divide 
a*  —  2a6  +  W  by   a  —  6,  we  shall  obtain  as  before  a  —  6  in  the 
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qiiotient)  and  there  will  tlien  he  a  remmnder  V.     This  result  is 
expressed  in  a  manner  similar  to  that  used  in  Arithmetic;  we  say 

i =  »  — 0  + 7  :  that  IS,  there  is  a  complete  quotient 

a  —  h  a  —  o  JT         T. 

a  —  b  and  a  fractional  part = .     To  the  consideration  of  aJge- 

a  —  0 

braical  fractions  we  shall  return  in  a  subsequent  Chapter. 

68.     The  following  examples  are  important : 

x  —  aja^—a^  (jx^ -{-xa  +  a'  x  —  aj x*  —  a*  (x^  +  x'a  +  xa' -f  a* 

a?"  —  a^a  x^  —  x^a 


x'a--a'  afa^a' 

afa  —  xa'  x'a  —  a^a' 


xa'-a^  x^a'^-oca' 


oja'  —  a* 
xa^-a* 


The  student  may  also  easily  verify  the  following  statements: 

a^-a'  x*-a^      a       «  «       « 

z=x—a:  =ar-'ara  +  xa^a: 

x  +  a  x-^a  ' 

=  x  -~xa  +  a  ;     =  x  —xa  +  oira  —  xa  +  a  . 


a;  +  a  x  +  a 

Each  of  these  examples  of  division  furnishes  an  example  of 
multiplication,  as  the  product  of  the  divisor  and  quotient  must  be 
eqiial  to  the  dividend.  Thus  we  have  the  following  results  which 
are  worthy  of  notice ; 

ac"  —  a*  =  (a;  +  a)  (a;  —  a), 

as"  —  a' =  (a;  —  a)  (a^  +  asa  +  a*), 

aj*  +  a'  =  (a;  -f  a)  (a^  —  ara  +  a"), 

aj*  -  a*  =  (a;  -  a)  {x*  +  x^a  +  xa^  +  a'), 

aj*  -  a*  =  (a;  +  a)  (a;*  -  Qt?a  +  a;a'  —  a"), 

«*  +  »*  =  (a;  +  a)  {x^-afa  +  x^a^  -  xa^  +  a*). 
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69.  It  will  be  useful  for  the  student  to  notice  the  following 
facts: 

a^  —  a''  is  always  divisible  hj  x  —  a  whether  the  index  7»  be  an 
odd  or  even  whole  number. 

x*  —  dl*  is  divisible  hj  x-\-a  if  the  index  n  be  an  even  whole 
number. 

a?"  +  a"  is  divisible  by  a?  +  a  if  the  index  n  be  an  odd  whole 
number. 

It  will  be  easy  for  the  student  to  verify  these  statements  in 
any  particular  case,  and  hereafter  we  shall  give  a  general  proof  of 
them.     See  Chapter  xxxni. 

70.  By  means  of  the  results  which  have  been  obtained  in 
the  preceding  articles  we  may  often  resolve  algebraical  expres- 
sions into  factors.     Thus  whatever  A  and  B  denote  we  have 

A^--B'  =  {A  +  B){A-B\ 

and  the  student  will  frequently  have  occasion  to  use  this  general 
result  with  various  forms  of  A  and  B,  Thus,  for  example,  sup- 
pose A  =  a^^  and  B  =  b^y  so  that  A'  =  a\  and  B^  =  b^;  then  we 
have 

and  as  a'-6"  =  (a  +  6)(a-6), 

we  obtain  a*  -  6*  =  (a*  +  b')  (a  +  6)  (a  -  b). 

Again,  suppose  A  =  a',  and  B  =  b%  so  that  -4*  =  a®,  and  B^  =  V\ 
then  we  have 

and,  as.  in  Art  68, 

a'  +  6»  =  (a  +  b)  (a'  -ab  +  b% 

a""  '-V={a-b){a'  +  ab  +  b% 
so  that 
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Again,  suppose  A=a^  and  B  =  6*,  so  that  A^  =  a®,  and  B'  =  b^; 
then  we  have 

=  (a*+6*)(a'  +  6")(a  +  5)(a-5). 

Again,  take  the  general  result 

A''^B'  =  {A-^£)(A'  +  AB-hB'), 

and  suppose  A  =  a",  and  B=b''j  thus  we  obtain 

and  by  comparing  this  with  the  result  just  proved, 

a'-'b'={a  +  h){a-h){a'+ab  +  b'){a'-^hh  +  h'), 
we  infer  that 

This  can  be  easily  verified  by  the  method  of  Art.  56. 
For  (a'  +  a&  +  6')(a"-a&  +  6')  =  (a'  +  6'  +  a6)(a'  +  6*-a6) 

=  {a'  +  by-'a'b'     :■ 

=  a*  +  aV  +  6*. 

We  may  also  in  some  cases  obtain  useful  arithmetical  applica- 
tions of  our  formulae.     For  example, 

(127)*-  (123)'  =  (127  + 123)  (127  - 123) 

=  250x4  =  1000; 

thus  the  value  of  (127)'— (123)'  is  obtained  more  easily  than  it 
would  be  by  squaring  127  and  123,  and  subtracting  the  second 
result  from  the  first. 

The  following  additional  examples  are  deserving  of  notice. 

(a*  ■¥abJ2-¥  b')  {a'  -ahJ2  +  b')  =  {a'  +  bj  -  {ah  J2y 

=  a*+2aV+6*-2aV 
=  a*+&\ 
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a«  +  6*  =  (a'  +  6»)  (a*  -  a%^  +  6*) 

=  (a'  +  6")  (a"  +  a6  V3  +  ft*)  K  -  «&  V3  +  V), 

The  student  may  verify  the  following  result  by  multiplication 
or  division. 

03*  +  y®  +  «'  —  Zxyz  —  (x  +  y  +  «)  («'  +  y"  +  «"  —  ajy  —  y^?  -  «a;). 

71.     The  following  are  additional  examples  of  Division. 

Divide  8a*  -  22a«6  +  43a'6'  -  38a6*  +  246*  by  2a''  -  3a6  +  45«. 

^a* -  3a6  +  46^  8a*  -  '2.'^a%  +  43a'6"  -  38a6"  +  245*  (^4a'  -  5a6  +  66' 

8a*-12a'6+16a*6» 


-10a'6  +  27a'6*-38a6" 
-10a'6  +  15aV-20a6' 


12a'6'-18a6'+246* 
12a*6»-18a6»+245* 

The  quotient  is  4a'  —  fiah  +  66*. 

Divide  a'  —  (a  +  5  +  c)  aj*  +  {ah  +  5c  +  oc)  a;  —  a5c  by  x  —  a. 
x—a\  x^  —  {a  +  h  +  c) x' -{-  {ah  +  hc -\-  ac) X  —  abc  (  a^  — (5  + c)ic  +  5c 


(5  +  c)  a^  +  (a5  +  5c  +  ac)  x 
(5  +  c)  a*  +         (a5  +  ac)  x 


hex  —  ahc 
hex  —  a5c 


The  quotient  is  a*  —  (5  +  c)  aj  +  5c. 
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EXAMPi;iES   OP  DIVISION. 

1.  Divide  a*  + 1  by  a;  +  1. 

2.  Divide  27a^  +  S^/"  by  3x  +  2y. 

3.  Divide  a*  -  2ab'  +  6»  by  a  -  6. 

4.  Divide  a*  -  2a*6  -  3a5*  by  a  +  6. 

5.  Divide  eix""  - 1/**  by  2a;  -  y. 

6.  Divide  a* +  6*  by  a +  5. 

7.  Divide  ic*  —  afy  +  ajy"  —  y'  by  x  —  y. 

8.  Divide  a*  —  7aj  —  6  by  a?  —  3. 

9.  Divide  32a;* +  3/'  by  2a; +  y. 

10.  Divide  x^  —  x*y -\- a^y' -  x'y^  +  xy^  —  y^  by  a^  —  y*, 

11.  Divide  a;*  +  a?' -  4a;' +  5a; -  3  by  oi^  +  2x-Z. 

12.  Divide  a*  +  2a*5'  +  96*  by  a*  +  2a6  +  36*. 

13.  Divide  a'  -  &•  by  a»  +  2a'6  +  2a6*  +  5«. 

14.  Divide  32a*  +  54a5«  -  816*  by  2a  +  36. 

15.  Divide  a;'  -  2a;'»  +  1  by  a;'  -  2a;  + 1. 

16.  Divide  a;'-  6a;*+  9a;'-  4  by  a;"-  1. 

17.  Divide  a*  +  a»6  -  8a'6'  +  19a6»  -  156*  by  a'  +  3a6  -  56». 

18.  Divide  the  product  of  a;»  -  12a;  + 16  and  a;»  -  12a;  - 1 6 
by  a;'- 16. 

19.  Divide  the  product   of  a;*-2a;  +  l  and  a;' -3a; +  2   by 
a;«-3a;*+3a;-l. 

20.  Divide  the  product  of  a;'  —  a;  —  1,  2a;'  +3,  a;"  +  a;  —  1,  and 
a;- 4  by  a;*-  3a;'+l. 

21.  Divide    the  product    of   a^  +  ax  +  x'  and  a*  +  a^    by 
a*  +  aV+a;*. 

22.  Divide  the  product  of  x*  -  4a;'a  +  6x'a'  -  4awt*  +  a*  and 
a;*  +  2a;a  +  a*  by  a;*-2a;'a  +  2a;a*-a*. 

23.  Divide  a»  +  a'b  +  a'c  -  abc  -  h'c  -  6c*  by  a'  -  he. 
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24     Divide  Za?  +  ^dbaf  -  6aVx  -  4a*6»  by  a?  +  2a6. 

25.  Divide  the  product  of  a*  —  Sec*  +  Sa?  —  1,  jc*  —  2a5  +  1  and 
oj-l  by  03* -4:03*  +  6a::*- 4a; +  1, 

26.  Divide  M  -  a»6  +  2aV  +  13ai"  +  46*  by  2a»  -  3a6  +  46^ 

27.  Divide  a:' +  ^  +  3a:y  —  ]  bya+y— 1. 

28.  Divide  a*  +  6' - c*  +  3a6c  by  a  +  6-c. 

29.  Divide  2a'h  -  5aV -  lla'6"+  0a*6* -  26a«6'  +  7aV-  12a6^ 
by  a*-4a»6  +  aV-3a6». 

30.  Divide  a%^  +  2a6c*  -  aV  -  5 V  by  aft  +  ac  -  he, 

31.  Divide  the  product  of  a  +  h  —  c^  a  —  b-i-c,  and  6  +  c  -  a 
by  a'-h''-c'  +  2bc. 

32.  Divide  (a  +  6  +  c)  (oj  +  6c  +  ca)  -  o6c  by  a  +  6. 

33.  Divide  (a»  -  6c)"  +  86V  by  a*  +  6c. 

34.  Divide  b{x*  -  a')  +  aaj  (a;*  -  a')  +  a' (a;  -  a)  by  (a  +  6)(a;  -  a). 

35.  Divide   «y'  +  2y'«  —  ajy*«  +  xyz^  —  a^'y  —  2y«*  •^ix^z  —  xs^  by 
y  +  «  -  a;. 

36.  Divide  a'(6  +  c)-6'(a  +  c)  +  c'(a  +  6)  +  fl^6c  by  a-6+c. 

37.  Divide  (a-6) a^+  (6'-a»)a;+a6(a»-6")  by  (a-6)a;+a*-6*. 

38.  Divide  oa^  -  a6' +  6'aj  -  a*  by  (a;  +  6)  (a  -  a;). 

39.  Divide  (6-c)a*  + (c-a)6*  +  (a-6)c*  by  a'-a6-ac  +  6c. 

40.  Divide  (ax  +  hyY  +  {ay  -  bx)'  +  c V  +  cV  by  a^  +  y*. 

41.  Divide  a'6  —  6a;*  +  a*aj  —  a^  by  (aj  +  6)  (a  —  a;). 

42.  Resolve  a'  —  6'  —  c'  +  J'  —  2  (ad  —  6c)  into  two  factors* 

43.  Djfvide  6(a:*+a*)+aa;{a;'-a')+a*(a;  +  a)  by  (a  +  6)(a;  +  a). 

44.  SHew  that  (x'  -xy^  y^y  +  (a^  +  a:y  +  y')*  is  divisible  by 
2a?  +  2y\    \ 

45.  Shew  that  (x  +  y)]  -  a;^  -  y^  is  divisible  by  {a^  +  xy  +  y*)'. 

46.  If.i=6c-p*,     B  =  ca-^,     C==ab-^f^,     F  ^  qr  ^  op, 

Qz=rp-'  bq,  and  Ic  =pq  —  cr,  find  the  value  of ,  7 —  9 

AJB-JR'     QR-^AP     RP'-:bQ        .  PQ^GR 
2L ^,  and . 

c       '         p        '  q  T 
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47.  Kesolve  a"  -  a?*'  into  five  fiustors. 

48.  Kesolve  4a*6* — (a*  +  6*  -  c*)*  into  foiir  factors. 

49.  Resolve  4  {ad + 6c)*  -  (a*  -  6*  -  c*  +  c?*)*  into  four  factors. 

50.  Shew  that  (ay-6aj)*+(6«  — cy)*+(caj  — a»)*+(aaj  +  6y  +  (»)* 
is  divisible  by  a*  +  6'  +  c*  and  by  iB*  +  y*  +  «*• 


V.     NEGATIVE  QUANTITIES. 

72.  In  Algebra  we  are  sometimes  led  to  a  subtraction 
which  cannot  be  performed  because  the  number  which  should 
be  subtracted  is  greater  than  that  from  which  it  is  required  to 
be  subtracted.  For  instance,  we  have  the  following  relation: 
a  —  (6  +  c)  =  a  —  6  —  c;  suppose  that  a  =  7,  6  =  7  and  c  =  3  so  that 
6  +  c  =  10.  Now  the  relation  a—  (6  +  c)  =  a  —  6  —  c  tacitly  sup- 
poses 6  +  c  to  be  less  than  a;  if  we  were  to  neglect  this  supposi- 
tion for  a  moment  we  should  have  7  —  10  =  7  —  7  —  3;  and  as  7  —  7 
is  zero  we  might  finally  write  7  — 10  =  —  3, 

73.  In  writing  such  an  equation  as  7— 10=— 3  we  may  be 
understood  to  make  the  following  statement :  "  it  is  impossible  to 
take  10  from  7,  but  if  7  be  taken  from  10  the  remainder  is  3." 

74.  It  might  at  first  sight  seem  to  the  student  unlikely  that 
such  an  expression  as  7  — 10  should  occur  in  practice;  or  that  if 
it  did  occur  it  would  only  arise  either  from  a  mistake  which  could 
be  instantly  corrected,  or  from  an  operation  being  proposed  which 
it  was  obviously  impossible  to  perform,  and  which  must  therefore 
be  abandoned.  As  he  proceeds  in  the  subject  the  student  will 
find  however  that  such  expressions  occur  frequently;  it  might 
happen  that  a  —  6  appeared  at  the  commencement  of  a  long  investi- 
gation, and  that  it  was  not  easy  to  decide  at  once  whether  a  were 
greater  or  less  than  6.  Now  the  object  of  the  present  chapter  is 
to  shew  that  in  such  a  case  we  may  proceed  on  the  supposition 
that  a  is  greater  than  6,  and  that  if  it  should  finally  appear  that  a  is 
less  than  6  we  shall  still  be  able  to  make  use  of  our  investigation. 

T.  A.  3 
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75.  Let  us  consider  an  illustration.  Suppose  a  merchant  to 
gain  in  one  year  a  certain  number  of  pounds  and  to  lo^e  a  certain 
number  of  pounds  in  the  following  year,  what  change  has  taken 
place  in  his  capital  1  Let  a  denote  the  number  of  pounds  gained 
in  the  £rst  year,  and  b  the  number  of  pounds  lost  in  the  second. 
Then  if  a  is  greater,  than  b  the  capital  of  the  merchant  has  been 
increased  hj  a  —  b  pounds.  If  however  b  is  greater  than  a  the 
capital  has  been  diminished  hj  b  —  a  pounds.  In  this  latter  case 
a  —  6  is  the  indication  of  what  would  be  pronounced  in  Arithmetic 
to  be  an  impossible  subtraction;  but  yet  in  Algebra  it  is  found 
convenient  to  retain  a  —  5  as  indicating  the  change  of  the  capital, 
which  we  may  do  by  means  of  an  appropriate  system  of  interpre- 
tation. Thus,  for  example,  if  a  =  400  and  b  =  500  the  merchant's 
capital  has  sufiTered  a  diminution  of  100  pounds;  the  algebraist 
indicates  this  in  symbols,  thus 

400 -500  =  -100, 

and  he  may  turn  his  sjmbols  into  words  by  saying  that  the 
merchant's  capital  has  >  been  increased  by  -100  pounds.  This 
language  is  indeed  far  removed  from  the  language  of  ordinary  life, 
but  if  the  algebraist  understands  it  and  uses  it  consistently  and 
logically  his  deductions  from  it  will  be  sound. 

76.  There  are  numerous  instances  like  the  preceding  in  which 
it  is  convenient  for  us  to  be  able  to  represent  not  only  the 
magnitude  but  also  what  may  be  called  the  quality/  or  affection  of 
the  things  about  which  we  may  be  reasoning.  In  the  preceding 
case  a  sum  of  money  may  be  gained  or  it  may  be  lost  /  in  a  ques- 
tion of  chronology  we  may  have  to  distinguish  a  date  be/ore  a 
given  epoch  from  a  date  after  that  epoch ;  in  a  question  of  posi- 
tion we  may  have  to  distinguish  a  distance  measured  to  the  north 
of  a  certain  starting-point  from  a  distance  measured  to  the  soiUh 
of  it ;  and  so  on.  These  pairs  of  related  magnitudes  the  algebraist 
distinguishes  by  means  of  the  signs  +  and  -.  Thus  if,  as  in  the 
preceding  Article,  the  things  to  be  distinguished  are  gain  and  loss, 
he  may  denote  by  100  or  by  + 100  a  gain,  and  then  he  will  denote 
by  —100  a  loss  of  the  same  extent.  Or  he  may  denote  a  loss  by  100 
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or  by  +  100,  and  then  he  will  denote  by  - 100  a  gain  of  the  same 
extent.  There  are  two  points  to  be  noticed;  firsts  that  when  no 
sign  is  used  +  is  to  be  understood;  aecondlj/^  the  sign  +  may  be 
ascribed  to  either  of  the  two  related  magnitudes,  and  then  the  sign 
—  will  throughout  the  investigation  in  hand  belong  to  the  other 
inagnitade. 

77.  In  Arithmetic  then  we  are  concerned  only  with  the 
numbers  represented  by  the  symbols  1,  2,  3,  &c.f  and  intermediate 
fractions.  In  Algebra,  besides  these,  we  consider  another  set  of 
symbols  —  1,  —  2,  —  3,  <feo.,  and  intermediate  fractions.  Symbols 
preceded  by  the  sign  —  are  called  negative  qtumtitieSy  and  symbols 
preceded  by  the  sign  +  are  called  positive  quantitiea.  Symbols 
without  a  sign  prefixed  are  considered  to  have  +  prefixed. 

The  ahaolute  vcUv^e  of  any  quantity  is  the  number  repre- 
sented by  this  quantity  taken  independently  of  the  sign  which 
precedes  the  number, 

78.  In  the  precjeding  articles  we  have  given  rules  for  the 
Addition,  Subtraction,  Multiplication,  and  Division  of  algebraical 
expressions.  Those  rules  were  based  on  arithmetical  notions  and 
were  proved  to  be  true  so  long  as  the  expressions  represented  such 
things  as  Arithmetic  considers,  that  is  positive  quantities.  Thus, 
when  we  introduced  such  an  expression  as  a  —  h  we  supposed  both 
a  and  h  to  he  positive  qiunntities  and  a  to  be  greater  than  b.  But 
as  we  wish  hereafter  to  include  negative  qtiantities  among  the 
objects  of  our  reasoning  it  becomes  necessary  to  recur  to  the  con-r 
sideration  of  these  primary  operations.  Now  it  is  found  con- 
venient that  the  laws  of  the  fundamental  operations  should  be  the 
same  whether  the  symbols  denote  positive  or  negative  quantities, 
and  we  shall  therefore  secure  this  convenience  by  means  of  suitable 
definitions.  For  it  must  be  obsei*ved  that  we  have  a  power  over 
the  definitions ;  for  example,  multiplication  of  positive  quantities 
is  defined  in  Arithmetic,  and  we  should  naturally  retain  that  defi- 
nition ;  but  multiplication  oi  negative  quantities,  or  of  a  positive  and 
a  negative  quantity  has  not  hitherto  been  defined ;  the  terms  are 
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at  present  destitute  of  meaning.  It  is  therefore  in  our  power 
to  define  them  as  we  please  provided  we  always  adhere  to  our 
definition. 

79.  The  student  will  remember  that  he  is  not  in  a  position  to 
judge  of  the  convenience  which  we  have  intimated  will  follow  from 
our  keeping  the  fundamental  laws  of  algebraical  operation  perma- 
nent, and  giving  a  wider  meaning  to  such  common  words  as 
addition  and  multiplication  in  order  to  insure  this  permanence. 
He  must  at  present  confine  himself  to  watching  the  accuracy  of 
the  deductions  drawn  from  the  definitions.  As  he  proceeds  he  will 
see  that  Algebra  gains  largely  in  power  and  utility  by  the  intro- 
duction of  negative  qua/nlitiea  and  by  the  extension  of  the  meaning 
of  the  fundamental  operations.  And  he  will  find  that  although 
the  symbols  +  and  —  are  used  apparently  for  two  purposes,  namely, 
according  to  the  definitions  in  Arts.  3  and  4,  and  according  to  the 
convention  in  Art.  76,  no  contradiction  nor  confusion  will  idti- 
mately  arise  from  this  circumstance. 

80.  Two  quantities  are  said  to  be  equal  and  may  be  con- 
nected by  the  sign  =  when  they  have  the  same  numerical  value 
and  have  the  same  sign.  Thus  they  may  have  the  same  absolute 
value  and  yet  not  be  equal ;  for  example,  7  and  —  7  are  of  the  same 
absolute  value  but  they  are  not  to  be  called  equal. 

81 .  In  Arithmetic  the  object  of  addition  is  to  find  a  number 
which  alone  is  equal  to  the  units  and  fractions  contained  in  certain 
other  numbers.  This  notion  is  not  applicable  to  negative  quan- 
tities ;  that  is,  we  have  as  yet  no  meaning  for  the  phrase  "add  —  3 
to  5,''  or  "  add  —  3  to  —  5."  We  shall  therefore  give  a  meaning  to 
the  word  add  in  such  cases,  and  the  meaning  we  propose  is  deter- 
mined by  the  following  rules.  To  add  tvx>  quantities  of  the  same 
sign  add  the  absolute  valv/ea  of  the  qu^antUies  and  place  the  sign  of 
the  qtiantities  before  the  sum.  To  add  two  quantities  ofunLUce  signs, 
subtract  the  less  absolute  vailue  from  the  greater,  and  place  before 
the  remainder  the  sign  of  that  quantity  which  has  the  greater  ab^ 
solute  value. 
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Thus,  by  the  first  rule,  if  ve  add  3  to  ^  we  obtain  8 ;  if  we 
add  —  3  to  —  5  we  obtain  —  8.  By  the  second  rule,  if  we  add  3 
to  —  5  we  obtain  —  2 ;  if  we  add  —  3  to  5  we  obtain  2. 

82.  It  will  be  seen  that  the  rules  above  given  leave  to  the 
word  add  its  common  arithmetical  meaning  so  long  as  the  things 
which  are  to  be  added  are  such  as  Arithmetic  considers — namely, 
positive  quantities — and  merely  assign  a  meaning  to  the  word  in 
those  cases  when  as  yet  it  had  no  meaning.  The  reader  may 
perhaps  object  that  no  verbal  definition  is  given  of  the  word  add 
but  merely  a  rule  for  adding  two  quantities.  We  may  reply  that 
the  practical  use  of  a  definition  is  to  enable  us  to  know  that  we 
use  a  word  correctly  and  consistently  when  we  do  use  it,  and  the 
rules  above  given  will  ensure  this  end  in  the  present  case. 

83.  The  rules  are  not  altogether  arbitrary — that  is,  the  stu- 
dent may  easily  see  even  at  this  stage  of  his  progress  that  they  are 
likely  to  be  advantageous.  Thus,  to  take  the  numerical  example 
given  above,  suppose  a  man  to  be  entitled  to  receive  3  shillings 
i^om  one  person  and  5  from  another,  then  he  may  be  considered 
to  possess  8  shillings.  But  suppose  him  to  oioe  3  shillings  to  one 
person  and  5  shillings  to  another;  then  he  owes  altogether  8 
shillings ;  this  niay  be  considered  to  be  an  interpretation  of  the 
—  8  which  arises  from  adding  —  3  to  —  5.  Next,  suppose  that  he 
has  to  receive  3  shillings  and  to  pay  5  shillings ;  then  he  owes 
altogether  2  shillings;  this  may  be  considered  to  be  an  interpreta- 
tion of  the  —  2  which  arises  from  adding  3  to  —5.  Lastly,  suppose 
that  he  has  to  receive  5  shillings  and  to  pay  3  shillings,  then  he 
may  be  considered  to  possess  2  shillings ;  this  may  be  considered 
to  be  an  interpretation  of  the  2  which  arises  from  adding 
-3  to  5. 

84.  Thus  in  Algebra  addition  does  not  necessarily  imply 
augmentation  in  an  arithmetical  sense;  nevertheless  the  word 
sum  is  used  to  denote  the  result.  Sometimes  when  there  might 
be  an  uncertainty  on  the  point,  the  term  algebraical  sum  is  used  to 
distinguish  such  a  result  from  the  ariUimetical  sum^  which  would 


38  JJEGATIYE  QUANTITIES. 

be  obtained  by  the  arithmetical  addition  of  the  ohsolute  values  of 
the  terms  considered. 

^5,  Suppose  now  we  have  to  add  the  five  quantities  —  2,  +5, 
-13,  -4  and  +8.  The  sum  of  -2  and  +5  is  +3;  the  sum 
of  +  3  and  -  13  is  -  10;  the  sum  of  -  10  and  - 4  is  -  14  ;  the 
sum  of  — 14  and  +8  is  —6.  Thus  -6  is  the  sum  required; 
Or  we  may  first  calculate  the  sum  of  the  negative  quantities  —  2j 
—  13  and  —4,  and  we  thus  get  —19;  then  calculate  the  sum 
of  the  positive  quantities  +5  and  +8,  and  we  thus  get  +13. 
Thus  the  proposed  sum  becomes  +13  —  19,  that  is,  —  6  as  before. 
It  will  be  easily  seen  on  trial  that  the  same  result  is  obtained 
whatever  be  the  order  in  which  the  terms  are  taken.  That  is, 
for  example,  -2  —  13  +  5+8-4,  8-13-2  —  4  +  5,  and  so  on, 
all  give  —  6. 

86.  Next  suppose  we  have  to  add  two  or  more  algebraical 
expressions ;  for  example,  2a - 36  +  4c  and  -a  —  2h-¥c  +  2d.  We 
have  for  the  sum 

2a  -  36  +  4c  -  a  -  26  +  c  +  2^1 

Then  the  like  terms  may  be  collected ;  thus 

2a  —  a  =  a,     —  36  —  26  =  —  56,     4c  +  c  =  5c ; 

and  the  sum  becomes 

a- 56  + 5c +  2<f. 

Thus  we  may  give  the  following  rule  for  algebraical  addition : 
Write  the  terms  in  Uie  same  line  preceded  hy  tlieir  proper  signs; 
collect  like  terms  into  one,  and  arrange  the  terms  of  the  restUt 
in  any  order. 

87.  In  arithmetical  subtraction  we  have  to  take  away  one 
number,  which  is  called  the  subtrahend,  from  another  which  is 
called  the  minuend,  and  the  result  is  called  the  remainder.  The 
remainder  then  may  be  defined  as  that  number  which  must  be 
added  to  the  subtrahend  to  produce  the  minuend,  and  the  object 
of  subtraction  is  to  find  this  remainder. 
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We  slmll  use  ihe  same  definition  in  algebraical  subtraction, 
tbat  is,  we  say  that  in  subtraction  we  have  to  find  the  quantity 
which  must  be  added  to  the  subtrahend  to  produce  the  minuend. 
From  this  definition  we  obtain  the  rule :  Change  the  sign  of  every 
term  in  the  subtrahend  cmd  add  the  result  so  obtained  to  the  minu- 
endy  and  tJie  residt  will  he  the  remainder  required. 

For  it  is  obvious,  that  if  to  the  expression  thus  formed  we  add 
the  subtrahend,  giving  to  each  term  its  proper  sign,  all  the  terms 
of  the  subtrahend  will  disappear  and  leave  the  minuend ;  which 
was  required. 

88.  We  have  still  another  point  to  notice.  According  to 
what  has  been  laid  down,  the  sum  of  +  a  and  —  6  is  denoted  by 
a  —  6 ;  if  we  take  —  h  from  a,  the  result  is  a  +  5 ;  and  the  sum  of 
—  a,  +hy  and  —c  is  — a  +  6  —  c;  and  so  on.  But  we  have  as  yet 
supposed  that  the  letters  themselves  stand  for  positive  numbers; 
for  example,  when  we  say  that  the  sum  of  +  a  and  —  6  is  a  —  6, 
a  may  be  6,  and  b  may  be  1 0 ;  but  suppose  that  a  is  -  6,  and  h  is 
— 10,  do  the  rules  adopted  apply  here  ?  Since  h  is  — 10,  —h  or 
*-(— 10)  will  naturally  be  taken  to  mean  10,  and  +  a  or  +  (--  6) 
will  be  taken  to  mean  —  6  j  and  the  sum  of  10  and  —  6  is  4. 

89.  Thus  if  a  be  itself  a  negative  quantity,  we  have  assigned 
a  meaning  to  +  a  and  to  —  a ;  and  the  meanings  are  these,  let 
a  =  -  a,  so  that  a  is  a  positive  quantity,  then  +  a  or  +  (—  a)  =  —  a, 
and  —  a  or  —  (—  a)  =  cu  We  said  in  the  preceding  article  that 
these  meanings  followed  culturally  from  what  had  preceded ;  it  is 
however  of  little  consequence  whether  we  consider  these  meanings 
to  follow  thus,  or  whether  we  look  upon  them  as  new  interpreta- 
tions; the  material  point  is  to  use  them  uniformly  and  consistently 
when  once  adopted. 

Since  +  (—  a)  =  —  a,  and  —  (^  a)  =  a,  that  is,  +  a,  we  may  enun- 
ciate the  same  rule  as  formerly,  namely,  that  like  signs  produce  + 
and  unlike  signs  — . 

90.  There  are  four  cases  to  consider  in  multiplication.  Let 
a  and  b  denote  any  two  numbers,  then  we  have  to  consider 

+  ax+5,     — ax  +  6,     +ax—  6,     — ax  —  6. 
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The  first  case  is  that  of  common  Arithmetic  and  needs  no 
remark.  The  ordinary  definition  of  multiplication  may  also  be 
applied  to  the  second  case;  for  suppose,  for  example,  that  6=3, 
then  —  a  X  3  indicates  that  —  a  is  to  be  repeated  three  times,  that 
is,  we  have  —a  —  a^a  or  —  3a  as  the  result.     Thus 

—  a  X  +  6  =  —  aft. 

In  the  other  two  cases  the  multiplier  is  a  v)egative  quantity^ 
and  thus  the  common  arithmetical  notion  of  multiplication  is  not 
applicable ;  we  may  therefore  give  by  definition  a  meaning  to  the 
term  in  this  case.  Now  we  observe  that  when  the  multiplier  is 
positive,  the  sign  of  the  multiplicand  is  preserved  in  the  product; 
thus  we  are  led  to  adopt  the  following  convention  :  When  the  mul- 
tiplier is  negative,  perform  the  multiplication  a^  if  the  multiplier 
were  positive,  and  change  the  sign  of  the  product.  Hence  we  con- 
clude immediately  tliat 

+  ax  —  6  =  —  aft  and  —  a x  —  6  =  +  a5. 

» 

91.  Hence  we  have  the  following  rule :    To  multiply  two 

quarttities  whatever  he  tJieir  signs,  mndtiply  them  unthout  consider- 
ing the  signs,  and  put  +  or  —  before  the  product  according  as  the 
two  factors  have  the  same  sign  or  different  signs.  As  before  re- 
marked, the  rule  for  the  sign  of  the  product  is  abbreviated  thus  : 
Like  signs  give  +  and  unlike  signs  give  — , 

92.  In  the  preceding  articles  we  supposed  a  and  b  themselves 
to  denote  arithmetical  numbers;  it  is  important  however  to 
observe  that  if  they  denote  any  quantities,  positive  or  negative, 
the  four  results  obtained  are  true ;  that  is, 

+  ax  +  5  =  +  a5,  — ax+6  =  —  a6,  +ax  —  6  =  —  o5,  — ax—  6  =  +  a6. 

Take,  for  example,  the  last  of  these,  and  suppose  that  a  is  a 
negative  quantity,  and  so  may  be  denoted  by  —a;  then  —a  is  a 
positive  quantity,  and  =a.  (Art.  89.)  Hence  -ax-6  =  ax-6; 
and  this  by  the  third  case  =  —  a5.  And  a6  =  -  a  x  6  =  —  a6  by 
the  second  case. 
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Thus  the  result  —  a  x  —  6  =  a6  holds  when  «  is  a  negative 
quantity.     Similarly  any  other  case  may  be  established. 

93.  We  must  now  shew  that  the  rule  for  multiplying  bino- 
mial and  polynomial  expressions  given  in  Art.  48  is  true,  whatever 
the  symbols  denote.     Take,  for  example,  the  case 

(a  —  6)  c  =  ac  —  6c. 

"When  this  was  proved,  we  supposed  c  a  positive  quantity ;  we 
will  now  suppose  that  c  is  a  negative  quantity,  namely  ~y. 
Now  by  virtue  of  the  convention  in  Art.  90,  to  find  the  product 
of  a— 6  and  —  y  we  must  multiply  a  — 6  by  y  and  then  change 
the  sign  of  each  term  in  the  result     !N'ow, 

(a-6)y  =  ay-6y; 

thus  (a-6)(-7)=-ay  +  ^. 

But  since  ^  =  — y,  w©  have 

ac— 5o  =  ->ay  +  (y; 

thus  the  relation  {a  —  h^c^ac^hc 

holds  whatever  c  may  be,  positive  or  negative.     Similarly,  any 
other  case  may  be  established. 

94.  The  ordinary  definition  of  division  will  be  universally 
applicable;  we  suppose  a  product  and  one  factor  given,  and  we 
have  to  determine  the  other  factor. 

Hence  if  we  perform  the  division  without  regarding  the  signs 
we  obtain  the  quotient  apart  from  its  sign.  It  remains  then 
to  determine  the  sign,  for  which  we  may  give  the  following 
rule : 

When  the  dividend  cmd  divisor  have  the  same  siguy  the  qttotient 
must  have  the  sign  +  ;  when  the  dividend  and  divisor  have  differ- 
ent  signs,  the  qiiotient  rrmst  ha/ve  the  sign  -• 

This  rule  follows  from  the  fact  that  the  product  of  the  divisor 
and  quotient  must  be  equal  to  the  dividend.  The  inile  for  the 
sign  of  the  quotient  may  as  before  be  abbreviated  thus:  Like  signs 
give  +  and  vmlike  signs  give  — • 
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95.  The  words  greater  and  less  are  often  used  in  Algebra  in 
an  extended  sense.  We  say  that  a  is  greater  than  b  or  that  b  is 
less  than  aif  a  —  b  is  a  positive  quantity.  This  is  consistent  with 
ordinary  language  when  a  and  b  are  themselves  both  positive,  and 
it  is  found  convenient  to  extend  the  meaning  of  the  words  greater 
and  less  so  that  this  definition  may  also  hold  when  a  or  5  is  nega- 
tive, or  when  both  are  negative.  Thus,  for  example,  in  algebraical 
language  1  is  greater  than  —  2  and  -  2  is  greater  than  —  3. 

96.  Before  leaving  this  part  of  the  subject  we  may  make  a 
few  general  remarks.  The  subject  of  Algebra  has  been  divided 
by  some  modem  writers  into  two  parts,  which  they  have  called 
Arithmetical  Algebra  and  Symboliccd  Algebra,  In  Arithmetical 
Algebra  symbols  are  used  to  denote  the  numbers  and  the  opera- 
tions which  occur  in  Arithmetic.  Here,  as  shewn  in  the  preced- 
ing chapters  of  the  present  work,  we  begin  by  defining  our 
symbols,  and  then  arrive  at  certain  results,  as  for  example,  at 
the  result  {a  4-6)  (a  —  6)  =  a'  —  6*.  In  Symbolical  Algebi-a  we 
assume  that  the  rules  of  Arithmetical  Algebra  hold  universally, 
and  then  determine  what  must  be  denoted  by  the  symbols  and 
the' operations,  in  order  to  ensure  this  result.  Thus  we  may 
consider,  that  in  the  present  chapter  we  have  been  examining 
what  meanings  must  be  given  to  the  symbols  to  make  the  results 
of  the  previous  chapters  hold  universally.  And  we  have  thus 
been  led  to  the  theory  of  negative  quantities,  and  to  an  extension 
of  the  meaning  of  the  words  addition,  subtraction,  multiplication 
and  division. 

97.  In  some  of  the  older,  works  on  Algebra,  scarcely  any 
reference  is  made  to  the  extensions  of  meaning  which  we  have 
given  to  some  simple  arithmetical  terms.  In  such  works  the 
proofs  and  investigations  are  only  valid  so  long  as  the  symbols 
have  purely  arithmetical  meanings;  and  the  proo&  and  investiga- 
tions are  really  asswmed  without  demonstration  to  hold  when  the 
symbols  have  not  purely  arithmetical  meanings.  In  recent  works, 
as  in  the  present,  an  attempt  is  made  to  establish  the  proofs 
completely.     It  must  not  however  be  denied  that  this  branch  of 
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;the  subject  presents  considerable  difficulty  to  the  beginner,  and  it 
will  probably  only  be  after  repeated  examination  of  the  subject 
that  the  student  will  obtain  a  conviction  of  the  universal  ti*uth 
of  the  fundamental  theorems. 

The  student  is  recommended  to  proceed  onwards  as  far  as  the 
chapter  on  equations;  he  will  there  see  some  further  remarks 
on  negative  quantities,  and  he  may  afterwards  read  the  present 
chapter  again.  It  would  be  inconsistent  with  the  plan  of  this 
Work  to  enter  very^  l$,rgely  on  this  branch  of  Algebra;  Iwit  the 
present  chapter  may  furnish  an  outline  which  the  student  can 
fill  up  by  his  future  reading  and  reflection. 

"We  shall  require  in  the  course  of  the  work  certain  propo- 
sitions which  are  obvious  axioms  in  Arithmetic,  and  which  are 
also  true  when  we  give  to  the  terms  and  symbols  their  extended 
meanings. 

98.  If  equal  quantities  be  added  to  equal  quantities,  the  sums 
will  be  equal. 

99.  If  equal  quantities  be  taken  from  equal  quantities,' the 
remainders  will  be  equaL 

Thus,  for  example,  if  A  =  pB  +  G,  then  by  taking  (7  from  these 
equal  quantities  we  have  A  —  C  =  pB, 

100.  If  equal  quantities  be  multiplied  by  the  same  or  equal 
quantities,  the  products  will  be  equal. 

Thus  too  if  a  =  6  then  a"  =  b*  and  !^a  =  ^6. 

101.  If  equal  quantities  be  divided  by  the  same  or  equal 
quantities,  the  quotients  will  be  equal. 

102.  If  the  same  quantity  be  added  to  and  subtracted  from 
another,  the  value  of  the  latter  will  not  be  altered^ 

103.  If  a  quantity  be  both  multiplied  and  divided  by  another, 
its  value  will  not  be  altered. 
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104.  It  is  important  to  draw  the  attention  of  the  reader  to 
the  fact,  that  these  propositions  are  still  true  whether  the  qnauti- 
ties  spoken  of  are  positive  or  negative,  and  when  the  tei*ms  addi- 
tion, subtraction,  multiplication,  and  division  have  their  extended 
meanings.  For  example,  if  a  =  6,  and  c=zdj  then  ac  =  hd;  this  is 
obvious  if  all  the  letters  denote  positive  quantities.  Suppose 
however  that  c  is  a  negative  quantity,  so  that  we  may  represent 
it  by  —  y ;  then  d  must  be  a  negative  quantity,  and  if  we  denote 
it  by  —  8,  we  have  y  =  8 ;  therefore  ay  =  68 ;  tiiierefore  —  ay  =  —  68 ; 
and  thus  ctc^bcL 


MISCELLANEOUS   EXAMPLES.      CHAPTER  T. 

1.  Shew  that  re*  +  y*  +  i^*  +  2ajy  +  8a»  and  4(aj  +  «)'  become 
identical  when  x  and  y  each  =  a. 

2 

2.  If  a  =  l,  6  =  ^y  x=:7  and  y  =  8,  find  the  value  of 


3. 


5{a^b)^{{a  +  x)f}-'bJ{{a  +  x)y}  +  a. 

5  1  9 

If  «=-,  b  =  ji,  x  =  5  and  y=o,  find  the  value  of 


4  10  4 

4.  If  a  =  ^,  6  =  2,  0?=  s^  and  y=o,  find  the  value  of 

5.  Substitute  y  +  3  for  x  in  as*  —  aj'  +  205*  —  3  and  arrange  the 
result. 

6.  Prove  that 

{(a~6)»  +  {6-c)«+(c-a)«}«=2{(a-6/+(5-c)*  +  (c-ay}. 

7.  If  2«  =  a  +  6  +  c,  shew  that 

2(5-a)(s-6)(«-c)+a(s-6)(«-c)  +  6(«-c)(«-a) 

+  c  («  —  a)  («  —  5)  =  abc. 

8.  Prove  that 

(a  +  6  +  c)*-(6  +  c)*-(c  +  a)*-(a  +  6)*+a*  +  6*  +  c*=12a6c(a  +  6  +  c). 
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9.  Prove  that  if  a^  +  a^ +...+«,=  ~  «,  theii 

10.  If  2«  =  a  +  6  +  c  and  So^  =  a*  +  6' +  c*,  shew  that 

(<r«-a«)(<r»-6»)  +  (<r»-.6")(<r»-c')  +  (<r»-c«)((r»-a») 

=  4«  («-  o)  (a-h)  («-  c). 
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105.  In  Arithmetic  the  greatest  common  mecteure  of  two  or 
more  whole  numbers  is  the  greatest  number  which  wiU  divide  each 
of  them  without  remainder.  The  term  is  also  used  in  Algebra,  and 
its  meaning  in  this  subject  will  be  understood  from  the  following 
definition  of  the  greatest  common  measwre  of  two  or  more  Alge- 
braical expressions.  Let  two  or  more  Algebraical  expressions  be 
arranged  according  to  descending  powers  of  some  common  letter ; 
then  the  factor  of  highest  dimensions  in  that  letter  which  divides 
each  of  these  expressions  without  remainder  is  called  their  greatest 
common  measure. 

106.  The  term  greatest  common  msasitre  is  not  very  appro- 
priate in  Algebra,  because  the  words  greater  and  less  are  seldom 
applicable  to  Algebraical  expressions  in  which  specific  numerical 
values  have  not  been  assigned  to  the  various  letters  which  occur. 
It  would  be  better  to  speak  of  the  highest  commfum  divisor  or  of 
the  highest  comjnon  m^easwre;  but  in  conformity  with  established 
usage  we  retain  the  term  greatest  common  m,easure.  The  letters 
o,  a  H.  will  often  be  used  for  shortness  instead  of  this  term. 

When  one  expression  divides  two  or  more  expressions  without 
remainders  we  shall  say  that  it  is  a  comm^m  measv/re  of  them,  or 
more  briefly,  that  it  is  a  measure  of  them. 

107.  The  following  is  the  rule  for  finding  the  G.  c.  H.  of  two 
Algebraical  expressions : 
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Let  A  and  JB  denote  ihe  two  expressions;  let  them  be  arraaged 
according  to  descending  powers  of  some  common  letter,  and  suppose 
the  index  of  the  highest  power  of  ih&t  letter  in  A  not  less  than 
the  index  of  the  highest  power  of  that  letter  in  JB,  Divide  A  by 
£;  then  make  the  remainder  a  divisor  and  JB  the  dividend. 
Again,  make  the  new  remainder  a  divisor  and  the  preceding 
divisor  the  dividend. '  Proceed  in  this  way  until  there  is  no 
remainder ;  then  the  last  divisor  is  the  G.  c.  M.  required. 

108.     Example :  find  the  o.  a  M.  of 

x'-6x+S  and  ^a? - 2laf  +  15x -^ 20. 

iB*  -  6aj  +  8  J  4a;"^- 2lic»  +  15aj  +  20  (^4a?  +  3 

4a?'-24iB*+32a; 


So"- 17*4- 20 
3iB"-18iK  +  24 

05—    4 

a-4Jla^-6a;  +  8(»-2 


-'2x'h8 
-2aj  +  8 


Thus  dj  -  4  is  the  g.  c.  m.  required. 

109.  The  truth  of  the  rule  given  in  Art  107  depends  upon 
the  following  principles  : 

(1)  If  F  divide  A,  then  it  will  divide  mA,  For  since  P 
divides  A,  we  may  suppose  A=aF,  then  mA=.7naFf  thu^  F 
divides  mA. 

(2)  If  F  divide  A  and  J?,  then  it  will  divide  mA  ^nB.  For 
since  F  divides  A  and  B,  we  may  suppose  A  =  aF,  and  B  =  bF, 
then  mA  ±  nB  =  {ma  =t  nh)F ;  thus  F  divides  mA  d=  nB. 

We  can  now  prove  the  rule  given  in  Art.  107. 


GREATEST  COMMON  MEASURE.  47 

110.     Let  A  and  B  denote  the  two  expres-  £J  A  (p 
sions ;  let  them  be  arranged  according  to  de-       pB 
scending  powers  of  some  common  letter,  and         ^ .  j^ . 
suppose  the  index  of  the  highest  power  of  that  p 

letter  in  A  not  less  than  the  index  of  the  — 

highest  power  of  that  letter  in  B^    Divide  A  ^)  ^  (*• 

by  B  i  let  jp  denote  the  quotient,  and  G  the  ^^ 

remainder.     Divide  B  hy  G ;  let  q  denote  the 
quotient,  and  J)  the  remainder.     Divide  G  by  £>,  and  suppose 
that  there  is  no  remainder,  and  let  r  denote  the  quotient.     Thus 
we  have  the  following  results  : 

A=pB  +  G',        B  =  qG  +  I);        C=rD. 

We  shall  first  shew  that  i>  is  a  common  measure  of  A  and  B. 

J)  divides  (7,  since  G ^rD  \  hence  (Art  109)  D  divides  qC  and 
also  qG-^D ;  that  is,  B  divides  B,  Again,  since  JD  divides  B  and 
C,  it  divides  pB  +  C ;  that  is^  B  divides  A*  Hence  D  divides  A 
and  B, 

We  have  thus  shewn  that  D  ia  a  common  measure  of  A  and  B; 
"W^  shall  next  shew  that  it  is  their  greatest  common  measure. 

By  Art.  109  every  expression  which  divides  A  and  B  divides 
A  —pBy  that  is,  G  y  thus  every  expression  which  is  a  measure  of 
A  and  i?  -is  a  measure  of  B  and  G.  Similarly  every  expression 
which  is  a  measure  of  B  and  G  is  a  measure  of  G  and  D,  Thus 
every  expression  which  is  a  measure  of  A  and  B  divides  D,  But 
po  expression  higher  than  D  can  divide  D,  Thus  D  is  the  g.  c.  m. 
required. 

111.  In  the  same  manner  as  it  is  shewn  in  the  preceding 
Article  that  D  measures  A  and  B,  it  may  be  shewn  that  every 
eoDpression  which  divides  D  also  measures  A  and  B,  And  it  is 
shewn  in  the  preceding  article  that  every  expression  which  mea- 
sures A  and  B  divides  D.  Thus  every  measure  of  A  and  B 
divides  their  o.  c.  M. ;  and  every  divisor  of  their  g.  c.  m.  measures 
A  and  ^« 
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112.     As  an  example  of  tlie  process  in  Art  110,  suppose  we 
have  to  find  the  g.  c.  m.  of  aj*+5a;  +  4:  and  aJ*  +  4ic*  +  5a:  +  2. 

a?  +  5a;*  +  4a? 


af+   X'\-2 
a*  —  5aj  —  4 


6a; +  6 


6a;+  6J a;'  +  5a;+  4  (^  +  ^ 

a^-\-   X 


4a;  4- 4 
4a; +  4 

This  example  introduces  a  new  point  for  consideration.     The 

last  divisor  here  is  6a;  +  6 ;  this,  according  to  the  rule,  must  be 

the  G.  c.  M.  required     We  see  from  the  above  process  that  when 

X     4 
a;"+5a;  +  4  is  divided  by  6x  +  6  the  quotient  is  ^  +  ^.     If  the 

other  given  expression,  namely  ix?  +  4a;*  4-  5a;  +  2,  be  divided  by 

•B         X        1 

6x  +  6,  it  will  be  found  that  the  quotient  is  -^  +  ^  +  ^ .     It  may 

at  first  appear  to  the  student  that  6x  +  6  cannot  be  a  measure 
of  the  two  given  expressions,  since  the  so-called  quotients  really 
contain  fractions.  But  we  see  that  in  these  quotients  the  letter 
of  reference  x  does  not  appear  in  the  denominator  of  any  fraction 
although  the  coefficients  of  the  powers  of  x  are  fractions.     Such 

expressions  as  ^  +  ^  and  •?•  +  o  +  o  >  therefore,  may  be  said  to  be 
integral  expressions  so /or  as  relates  to  x. 

Thus,  in  the  example,  when  we  say  that  6a;  +  6  is  the  g.  c.  il 
of  the  two  given  expressions,  we  merely  mean  that  no  measure 
can  be  found  which  contains  higher  poioers  of  x  than   6a; +6* 
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Other  measures  may  be  found  which  differ  from  this  so  far  as 
respects  numerical  coefficients  only.  Thus  dx  +  3  and  2a;  +  2  will 
be  found  to  be  measures ;  these  are  respectively  the  half  and  the 
third  of  6x  +  6,  and  the  corresponding  quotients  when  we  divide 
the  given  expressions  by  these  measures  will  be  respectively  tudce 
and  three  times  what  they  were  before.  Again,  a;  4- 1  is  also  a 
measure,  and  the  corresponding  quotients  are  aj  4-  4  and  aj'  4-  3a;  +  2  j 
we  may  then  conveniently  take  a;  4- 1  SiS  the  greatest  common  mear 
sure,  since  the  quotients  are  free  from  fractional  coefficients. 

113.  In  order  to  avoid  fractional  coefficients  in  the  quotients 
it  is  usual  in  performing  the  operations  for  finding  the  G.  c.  M.  to 
reject  certain  fectors  which  do  not  form  part  of  the  G.  c.  M.  re- 
quired. 

Suppose  we  have  to  find  the  G.  c.  M.  of  -4  and  B ;  and  at  any 
stage  of  the  process  suppose  we  have  a  divisor  K  and  a  remainder 
R,  Let  R  =  mSy  where  m  has  no  factor  which  K  has ;  then  m 
may  be  rejected :  that  is,  instead  of  continuing  the  process  with  K 
and  R  we  may  continue  it  with  K  and  S* 

For  by  what  has  been  already  shewn  we  know  that  A  and  B 
have  just  the  same  common  measures  as  K  and  R  have. 

Now  any  common  measure  of  K  and  >?  is  a  common  measure 
of  K  and  R,  and  is  therefore  a  common  measure  of  A  and  B. 

And  any  common  measure  of  K  and  i?  is  a  common  measure 
of  K  and  mS.  But  m  has  no  feictor  which  K  has.  Therefore 
any  common  measure  of  K  and  i?  is  a  common  measure  of  K  and 
S,  Hence  any  common  measure  of  A  and  j8  is  a  common  mea- 
sure of  K  and  S. 

Thus  we  see  that  A  and  B  have  just  the  same  common  mea- 
sures as  K  and  S  have ;  and  this  is  what  we  had  to  shew. 

114.  A  &ctor  of  a  certain  kind  may  also  be  irvtroduced  at 
any  stage  of  the  process. 

Suppose  we  have  to  find  the  g.  o.  sl  of  J.  and  B ;  and  at  any 
stage  of  the  process  suppose  we  have  a  divisor  K  and  a  remainder 

T.A.  4 
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E,  Let  L  =  nK^  where  n  has  no  fietctor  whicli  B  has ;  then  n  may 
be  introduced :  that  is,  instead  of  continuing  the  process  with  K 
and  H  we  may  continue  it  with  L  and  E, 

For  by  what  has  been  already  shewn  we  know  that  A  and  B 
have  just  the  same  common  measures  as  K  and  E  have. 

Kow  any  common  measure  of  £^  and  JS  is  a  common  measure 
of  L  and  E ;  so  that  any  common  measure  of  A  and  B  is  a,  com- 
mon measure  of  L  and  E, 

And  any  common  measure  of  L  and  ^  is  a  common  mea- 
sure of  fiK  and  E.  But  n  has  no  factor  that  E  has.  Therefore 
any  common  measure  of  L  and  ^  is  a  common  measure  of  K  and 
E,  and  is  therefore  a  common  measure  of  A  and  ^. 

Thus  we  see  that  A  and  B  have  just  the  same  common  mea- 
sures as  L  and  E  have ;  and  this  is  what  we  had  to  shew. 

115.  By  means  of  such  modifications  of  the  process  for  find- 
ing the  G.  c.  M.  as  are  indicated  in  the  preceding  two  articles,  we 
may  avoid  the  introduction  of  fractional  coefficients.  The  follow- 
ing example  will  guide  the  student.     Kequired  the  G.  c.  M.  of 

3aj'-10aj"4-15a:+8  and  a*- 2aj*- 6a;'+ 4«'+ 13a;  +  6. 

a;»--2a;*-6a^+4a:»+13a;+6J3a;*-10a:"+15rB+8  (3 

Bx'-  ex*-  lSa?+l2a^+  39a;  +  18 


ex*'^-    8aj»-12a;»-24iB-10 


Before  proceeding  to  the  next  division  we  may  strike  out  the 
fiustor  2  from  every  term  of  the  new  divisor,  and  multiply  every 
term  of  the  new  dividend  by  3.  Then  continue  the  operation 
thus : 

3x*  +  iaf-6a^-'l2x'-5J3x'''   6a;* -  18«' +  12a"  +  39a;  +  18  (a; 

3a;*+    4a;*-    6a:^- 12a;"- 5a; 


-  10a;*  -  12^  4-  24a;"  +  44a;  +  18 
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Kemove  the  factor  2  from  every  term  of  the  last  expression, 
and  then  multiply  every  term  by  3.     Thus  we  have 

-  15a*  -  18a;'  +  36a;*  +  QQx  +  27. 

Proceed  with  the  division 

3a;*  +  4aj'-  Qx'-I2x-5J  -  15x*-  18«'+  36a;»  +  66a;  +  27  (-5 

-  15a;*  -  20a;'  +  30a^  +  60a;  +  25 


2x'+6x''+6x  +  2 

Remove  the  factor  2  and  then  continue  the  operation  thus  : 
a;'+3a;'+3a;+lJ3a;*4.4a;'-    ea^-Ux-S  (3a;-5 

3a;*+9a;'+    9a;*4-3a; 

-5a;'-15a;»-15a;-5 
-5a;'- 15a;*- 15a; -5 


Thus  as"  +  3a;*  +  3aj  +  1  is  the  G.  c.  M.  required. 

116.  Suppose  the  original  expressions  A  and  B  to  contain  a 
common  fSewtor  F,  which  is  obvious  on  inspection ;  let  -4  =  aF,  and 
B=bF,  Then  ^  will  be  a  factor  of  the  o.  aic;  as  is  shewn  in 
Art  111.  We  may  then  find  the  g.  c.  m.  of  a  and  by  and  multiply 
it  by  Ff  and  the  product  will  be  the  a.  c.  3L  of  ui  and  JB. 

117.  Similarly,  if  at  any  stage  of  the  operation  we  perceive 
that  a  certain  factor  is  common  to  the  dividend  and  divisor,  we 
may  strike  it  out,  and  continue  the  operation  with  the  remaining 
&ctor8.  The  factor  omitted  must  then  be  multiplied  by  the  last 
divisoi;  which  is  obtained  by  continuing  the  operation,  and  the 
product  will  be  the  required  6.  o.  h. 

118.  Suppose,  for  example,  that  we  require  the  o.  an.  of 
(a;-l)*(a;-2)(a;-3)  and  (a;- 1)' (a; -4)  (a; -5).  Here  the  factor 
(aj_  1)*  is  common  to  both  the  proposed  expressions,  and  is  there- 
fore a  factor  of  the  g.  c.  m.  Moreover  in  this  example  (a;  —  1)*  forms 
the  entire  g.  c.  m.  j  for  no  common  measure  can  be  found,  except 
unity,  of  {x'-2)  (»-3)  and  (x-  1)  (a;-4)  {x-5)  which  are  the 

4—2 
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remaining  factors  of  the  proposed  expressions.  The  last  statement 
can  be  verified  by  trial,  but  when  the  student  is  acquainted  with 
the  subject  of  the  resolution  of  algebraical  expressions  into  factors 
it  will  be  obvious  on  inspection.  The  resolution  of  algebraical 
expressions  into  factors  is  discussed  in  the  Theory  of  Equations. 

119.  Next  suppose  we  requii*e  the  G.  o.  m.  of  three  algebraical 
expressions  A,£,G.  Find  the  g.  c.  m.  of  two  of  them,  say  A  and 
£  ;  let  2>  denote  this  G.  o.  H.;  then  the  G.  a  m.  of  D  and  C  is  the 
required  a  a  m.  of  -4,  B  and  0. 

For  by  Art  111  every  measure  of  J)  and  C  is  a  measure  of 
A,  B  and  (7;  and  also  every  measure  of  A,  B  and  (7  is  a  measure 
of  D  and  C  Thus  the  G.  c.  m.  of  2)  and  G  is  the  G.  c.  M.  of  A,  B 
and  G. 

120.  In  a  similar  manner  we  may  find  the  g.  a  m.  of  /otir 
algebraical  expressions.  Or  we  may  find  the  g.  c.  m.  of  two  of 
the  given  expressions  and  also  the  g.  a  m.  of  the  other  two  ;  then 
the  G.  0.  M.  of  the  two  expressions  thus  found  will  be  the  g.  c.  h. 
of  the  four  given  expressions. 

121.  The  definition  and  operations  of  the  preceding  articles  of 
this  chapter  relate  to  polynomial  expressions.  The  meaning  of 
the  term  greatest  convmon  measvre  in  the  case  of  simple  expressions 
will  be  seen  from  the  following  example : 

Required  the  g.  c.  m.  of  432a*6%,  270a"6V«  and  dOa'baf. 

We  find  by  Arithmetic  the  g.  o.  m.  of  the  numerical  coeffi- 
cients 432,  270,  and  90;  it  is  18.  After  this  number  wa  write 
every  letter  which  is  common  to  the  simple  expressions,  and  we 
give  to  each  letter  respectively  the  least  index  which  it  has  in 
the  simple  expressions.  Thus  we  obtain  18a'bx,  which  will  divide 
all  the  given  simple  expressions,  and  is  called  their  greatest  com- 
mon  measure. 
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Find  the  a.  c.  m.  in  the  following  examples  : 

1.  Of»*-3aj  +  2  and  aj*-a;-2. 

2.  ...  aj"  +  Sic*  +  403  + 12  and  o^  +  4a;*  +  4a;  +  3. 

3.  ...  a*  +  a;*  +  a;- 3  and  a"  +  3a;*  +  5aj  +  3. 

4.  ...  a;'+l  and  a;*  +  two;*  +  ma; +  1. 

5.  ...  6a;*  —  7aa;*  —  20a*a;  and  3a;*  +  aa:-  4a*. 

6.  ...  a;*  — y*  and  a^-y*. 

7.  ...  3a;"-13a*  +  23aj-21  and  6a;*  +  a;* -  44a;  +  21. 

8.  ...  a;*-3a;'4-2a;*  +  a;-l  and  a;*  -  a;*  -  2a;  +  2. 

9.  ...  a^-7a;'+8a;*  +  28a;-48  and  a;'-8aj*4. 19a;-14. 

* 

10.  ...  a;*-a;*  +  2a^  +  a;  +  3  and  a;*  +  2a3*-a;-2. 

11.  ...  4a;*  +  9a;*  +  2a;*-2a;-4  and  3af +  5a;*-a;  +  2. 

12.  ...  2a;*- 12a;* 4- 19a;* -6a; +  9  and  4a;*- 18a;*  +  19a; -3. 

13.  ...  6a;*  +  a;*-a;  and  4a;*- 6a;* -4a; +  3. 

14.  ...  a;*+fla;'-aa:y-y*and  x*+2a?t/'-a^a^+afy'—2ax^-y\ 

15.  ...  2ar*-lla;*-9  and  4a;'+  lla;*  +  81. 

16.  ...  2a'  4-  3a^a;  -  9a*a;*  and  6a*a;  -  1 7a*a;*  +  1 4a V  -  3aa;*. 

17.  ...  2a;*+(2a-9)a;*-(9a  +  6)a;4.27  and  2a;*-13a;+18. 

18.  ...  a*a5*  -  a'ba^i/  +  ab'xy'  -  6'y  and  2a'bo^y  -  ab^xy'  -  b^y\ 
19..  ,..  12a;*-153^4-3y*  and  6a;*  -  6ya;*  +  2y*a; - 2^ . 

20.  ...  ar*+3a;*-8a;*-9a;-3  and  ar*-2a;*-6a;*+ 4a;*+ 13aj  +  6. 

21.  ...  6aj*-4a;*-lla;^-3a;*-3a;-l  and  4a;*+2a;*-18a;'+3a;-5. 

22.  ...  x*-aa?-aV-a'x-'2a*  and  3a;'- 700;*  +  3a*a; -  2a*. 
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VIL    LEAST  COMMON  MULTEPLR 

122.  In  Arithmetic  the  least  common  multiple  of  two  or  more 
whole  numbers  is  the  least  number  which  contaios  each  of  them 
exactly.  The  term  is  also  used  in  Algebra^  and  its  meaning  in  this 
subject  will  be  understood  from  the  following  definition  of  the  least 
common  multiple  of  two  or  more  Algebraical  expressions.  Let  two 
or  more  Algebraical  expressions  be  arranged  according  to  descend- 
ing powers  of  some  common  letter ;  then  the  expression  of  lowest 
dimensions  in  that  letter  which  \a  divisible  hj  each  of  these 
expressions  is  their  least  common  multiple. 

123.  The  letters  i..  c.  il  will  often  be  used  for  shortness 
instead  of  the  term  least  common  multiple ;  tlie  term  itself  is  not 
very  appr(5priate  for  the  reason  already  given  in  Art  106. 

Any  expression  which  is  divisible  by  another  nfay  be  said  to 
be  a  multiple  of  it. 

124.  We  shall  now  shew  how  to  find  the  l.  c.  m.  of  two 
Algebraical  expressions.  Let  A  and  B  denote  the  two  expres- 
sions, and  D  their  greatest  common  measure.  Suppose  A  =  aD 
and  B=zhD.  Then  from  the  nature  of  the  greatest  common 
measure,  a  and  h  have  no  common  factor,  and  therefore  their 
least  common  multiple  is  ah.  Hence  the  expression  of  lowest 
dimensions  which  is  divisible  by  aD  and  hD  is  ahD. 

AB 


And  abJ)  =  Ah  =  Ba  = 


D 


Hence  we  have  the  following  rule  for  finding  the  L.  c.  h.  of 
two  Algebraical  expressions :  find  theii*  g.  cm.;  divide  either  ex- 
pression by  this  G.  0.  m.,  and  multiply  the  quotient  by  the  other 
expression.  Or  thus :— divide  the  product  of  the  expressions  by 
their  G.  o.  K. 
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125.  If  Jf  be  the  least  common  multiple  of  A  and  i?,  it  i« 
obvious  that  every  multiple  of  Jf  is  a  common  multiple  of  A 
and  B, 

126.  Every  common  multiple  of  two  Algebrodccd  expressions  is 
a  rrndtiple  of  their  least  common  mvltipUi 

Let  A  and  B  denote  the  two  expressions,  M  their  l.  c.  m.  ; 
and  let  N  denote  any  other  common  multiple.  Suppose,  if 
possible,  that  when  N  is  divided  by  M  there  is  a  remainder  R ; 
let  q  denote  the  quotient.  Thus  R  —  N—qM,  Now  A  and  B 
measure  M  and  iiT,  and  therefore  (Art.  109)  they  measure  R, 
But  R  is  of  lower  dimensions  than  Jf ;  thus  there  is  a  common 
multiple  of  A  and  B  of  lower  dimensions  than  their  l.  c.  m.  This 
is  absurd ;  hence  there  can  be  no  remainder  R ;  that  is,  iV  is  a 
multiple  of  M, 

127.  Next  suppose  we  require  the  l.  c.  m.  of  three  Algebraical 
expressions  A,  B,  C.  Find  the  L.  c.  M.  of  two  of  them,  say  A  and 
B;  let  Jf  denote  this  L.  c.  M. ;  then  the  L.  cm.  of  M  and  C  is 
the  required  L.  C.  M.  of  A,  B  and  0. 

For  every  common  multiple  of  M  and  (7  is  a  common  multiple 
of  A,  B  and  C  (Art.  125).  And  every  common  multiple  of  A 
and  ^  is  a  multiple  of  M  (Art.  126) ;  thus  every  common  midti- 
ple  of  Af  B  and  (7  is  a  common  multiple  of  M  and  G,  Therefore 
the  L.  c.  M.  of  M  and  G  is  the  l.  a  m.  of  A,  B  and  G, 

128.  By  resolving  Algebraical  expressions  into  their  compo- 
nent factors,  we  may  sometimes  facilitate  the  process  of  determin- 
ing their  g.  c.  m.  or  L.  c.  M.  For  example,  required  the  l.  cm.  of 
x'  —  a'  and  x^  —  a^.     Since 

05*  —  a*  =  (a;  —  a)  (x  +  a)  and  aj*  -  a'  =  (a;  —  a)  (a?  +  aoj  +  a*), 

we  infer  that  x  —  a  is  the  G.  c  M.  of  the  two  expressions ;   con- 
sequently their  l.cm.  is  (a?  +  a)  (a;' —  a®),  that  is, 

a;*  +  aa?  —  a^x  —  a\ 
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129.  The  preceding  articles  of  this  Chapter  relate  to  polyno- 
mial  expressions.  The  meaning  of  the  term  least  common  m/uZ" 
tvple  in  the  case  of  simple  expressions  will  be  seen  from  the 
following  example.  Required  the  L.C.M.  of  432a*6'ajy,  270a'b^afz 
and  dOa^ba?.  We  find  hj  Arithmetic  the  L.  c.  m.  of  the  numeri- 
cal coefficients  432,  270  and  90;  it  is  2160.  After  this  number 
we  write  every  letter  which  occurs  in  the  simple  expressions,  and 
we  give  to  each  letter  respectively  the  greatest  index  which  it  has 
in  the  simple  expressions.  Thus  we  obtain  2160a*5Vy«,  which  is 
divisible  by  all  the  given  simple  expressions,  and  is  called  their 
least  common  multiple. 

130.  The  theories  of  the  greatest  common  measure  and  of  the 
least  common  multiple  are  not  necessary  for  the  subsequent  Chap- 
ters of  the  present  work,  and  any  difficulties  which  the  student 
may  find  in  them  may  be  postponed  until  he  has  read  the  Theory 
of  Equations.  The  examples  however  attached  to  the  preceding 
Chapter  and  to  the  present  Chapter  should  be  carefdlly  worked, 
on  account  of  the  exercise  which  they  affi^rd  in  all  the  funda- 
mental processes  of  Algebra. 
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1.  Find  the  l.  c.  m.  of  6a;"-aj-l  and  2ic*  +  3a5-2. 

2.  Find  the  l.  c.  m.  of  Sx"  -  5a;  +  2  and  4aj^  -  4ic'  -  a;  +  1. 

3.  Find  the  l.  c.  m.  of  oj'-  1  and  a;*  +  a?  -  2. 

•  4.     Find  the  l.  c.  M.  of  oj"  -  9aj*  +  23a5  -  1 5  and  a^-Sx+T. 

*    5.     Find  the  l.  c.  m.  of  {x  +  1)  (x'-  1)  and  x^-1. 

6.     Find  the  l.  c.  m.  of  ic'  +  2ixfi/  -  a^"  -  2y"  and 

aj*-2a;V-ay  +  2y". 

*.7.     Find  the  l.  c.  m.  of  2a;-l,  4iB'-l  and  4iB'+l. 

^  8.     Find  the  L.  c.  M.  of  x^-x,  x^  -1  and  a;'  +  1. 
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•    9.     Find  the  l.  c.  m.  of  o*  -  4a',  {x  +  2a)'  and  {x  -  ^af. 

10.  Find  the  l.  c.  m.  of  a^-6iB*+ lla;-6,  iB"-9a^4- 26aj-.24: 

and  a;'~8a5'+19aj-12. 

11.  Find  the  L.  c.  M.  of  a;*- 4a',  fc' +  2aa5' +  4a'iB  +  8a'  and 

aj'  -  2aaj'  +  4a'a5  -  8a'. 

12.  Find  the  l.  c.  m.  ,of 

aj' —  (a  +  6)  a;  +  a6,  aj*  —  (6  +  c)  aj  h- 6c  and  aj'  — (c4-a)aj  +  ca. 

13.  Heqoired  the  l.  o.  m.  of 

23?*  +  {^a  -  36)  a*  -  (26'  +  3a6)  x  +  36'  and  2a»  -  (36  -  2c)  aj  -  36c. 

14.  Bequired  the  l.  c.  m.  of 

6(a»-6')(a-6)',   9 (a* -6*) (a -6)' and  12(a'-6')'. 
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131.  We  propose  to  recall  to  the  student's  attention  some 
propositions  respecting  fractions  which  he  has  already  found  in 
Arithmetic,  and  then  to  shew  that  these  propositions  hold  uni- 
versally in  Algebra.  In  the  following  articles  the  letters  repre- 
sent whole  numbers,  unless  it  is  stated  otherwise. 

132.  By  the  expression  j-  we  indicate  that  a  unit  has  been 
divided  into  6  equal  parts,  and  that  a  of  such  parts  are  taken.    Here 

r-  is  called  2^  fraction;   a  is  the  nuTifierator  and  6  the  denominator, 

0 

so  that  the  denominator  indicates  into  how  many  equal  parts  the 
unit  is  to  be  divided,  and  the  numerator  indicates  how  many  of 
those  parts  are  to  be  taken. 

Every  integer  may  be  considered  as  a  fraction  with  unity  for 

its  denominator;  that  is,  />  =  - . 
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133.  Rule  for  multiplying  a  fraction  by  an  integer.  EUher 
multiply  the  numerator  by  that  integer ,  or  divide  the  denominator 
by  that  integer. 

a 

Let   T  denote  any  fraction,  and  c  any  integer;    then   will 

-  X  c  =  -7- .     For  in  each  of  the  fractions  7-  and  -=-  the  unit  is 
00  00 

divided  into  b  equal  parts,  and  c  times  as  many  parts  are  taken 

ac      .    a     ^  ac  ,      ,.         a 

m  -7-  as  m  r  j  hence  -7-  is  c  tames  ^ . 
000  b 

This  demonstrates  the  first  form  of  the  Rule. 


Again ;   let  -j-  denote  any  fraction,  and  c  any  integer ;  then 

will  -7-  X  c  =  -=- .     For  in  each  of  the  fractions  -y—  and  ■=-  the  same 
be  0  be  0 

number  of  parts  is  taken,  but  each  part  in  ,-  is  c  times  as  large  as 

each  part  in  -r-,  because  in  —  the  unit  is  divided  inta  c  times  as 
^  be  be 

many  parts  as  in  7- ;   hence  r  is  ^  times  j-- . 

This  demonstrates  the  second  form  of  the  Rule. 


134.  Rule  for  dividing  a  fraction  by  an  integer.  Either  mul- 
tiply the  denominator  by  that  integer,  or  divide  the  nv/meroAor  by 
that  inieger. 

Let  7-  denote  any  fraction,  and  c  any  integer;    then   will 

~-f  c=  ,— •     For  7-  is  c  times  r-»  hy  Art.  133  :    and  therefore 
b  be  b  be      '' 

7-  IS  —  th  of  i- . 
be       c  b 

This  demonstrates  the  first  form  of  the  Rule. 
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i  etc 

Again;  let  -r  denote  ftny  fraction,  and  c  any  integer;   then 

will  -r  ■=■  <J  =  z  •     For  v-  is  c  times  ^ ,  by  Art  133 ;  and  there- 
fore T-  is  -  th  of  -7- . 
be  0 

This  demonstrates  the  second  form  of  the  Rule. 

135.  If  any  quantity  be  both  multiplied  and  divided  by  the 
same  number  its  value  is  not  altered.  Hence  if  the  numerator 
and  denominator  of  a  fraction  be  multiplied  by  the  same  number 
the  value  of  the  fraction  is  not  altered.  For  the  fraction  is 
multiplied  by  any  number  by  multiplying  its  numerator  by  that 
number,  and  is  divided  by  the  same  number  by  multiplying  its 
denominator   by   that   number.      (Arts.    133   and    134.)      Thus 

7  =  =— .      And  so  also  if  the  numerator  and  denominator  of  a 

0        DC 

fraction  be  divided  by  the  same  number  the  value  of  the  fraction 
is  not  altered. 

136.  Hence,  an  Algebi-aical  fraction  may  be  reduced  to  an- 
other of  equal  value  by  dividing  both  numerator  and  denominator 
by  any  common  measure ;  when  both  numerator  and  denominator 
are  divided  by  their  G.  c  M.  the  fraction  is  said  to  be  reduced  to  its   i 

lowest  terms.     For  example,  consider  the  fraction  — -; — -— -. 

Here  the  a.  c.  ic  of  the  numerator  and  denominator  will  be  found 

to  be  2a;  —  5  ;  hence,  dividing  both  numerator  and  denominator  by 

this  we  obtain 

6a;'-7a;~20_      3a?4-4 

4a;*-27a;4-5'"2a;*  +  5a;-r 

137.  Since  j- = — r  (Art.   94)  it  is  obvious  that  we  may 

change  the  signs  of  the  numerator  and  denominator  of  a  fraction 
without  altering  the  value  of  the  fraction. 

138.  To  reduce  fractions  to  a  common  denominator: — mtUti- 
ply  the  nwmerator  of  each  fraction  hy  all  the  denomvnatars  except 


i 
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its  own  for  the  numercUar  corresponding  to  thai  frcbdion^  and  TmU- 
tiply  aU  the  denominators  together  for  the  common  denominator. 

{jL     c  e 

Thns,  suppose  t^  -^ ,  and  >  to  be  the  proposed  fractions  j  then, 

by  Art  135,^  =  ^  ^=^,  and^=^;  tbns^   ^,  and 

ehd 

j^.  are  fractions  of  the  same  value  respectively  as  the  proposed 

fractions,  and  having  the  common  denominator  hdf, 

139.  K  the  denominators  have  any  factors  in  common,  we 
may  proceed  thus :  —find  the  JmCV^  of  the  denominators  a/nd  use 
this  as  the  com/mon  denominator;  then  for  the  new  numerator  cor- 
responding to  each  of  the  proposed  fractions^  TnuUiply  the  numerator 
of  thai  fraction  by  the  quotient  which  is  obtained  by  dividing  the 
L.  C.  3L  by  the  denominator  of  that  fraction. 

Thus  suppose,  for  example,  that  the  proposed  fractions  are 

— *   —  ,  and  — .    Here  the  L.C.3L  of  the  denominators  is  mx^tz ; 
mx    TTvy  mz  ^ 

.    a        ayz       b         bxz  .    c        cxy 

and  —  =  — - —  •  —  = 9  and  —  = . 

mx     mxyz    my     nvxyz  mz     mxyz 

140.  To  add  or  subtract  fractions, — reduce  them  to  a  commxm 
denominator,  then  add  or  su,btra>ct  the  numerators  and  retain  the 
convmxm  denominator. 

For  example,  r  +  r  =  — r—  i  *^^  follows  immediately  from  the 

bo        b 

meaning  of  a  fraction. 

a      c     ad     cb  _ad-\- cb 
^^b'^d"bd'^bd"~lbdr' 

1  1         a-b       a  +  ft    _     2a 

b     a     b     ac     b     ac  +  b 

flt+-  =  -+-=  —  +-  = ; 

c     I     c      c      c         c 
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a  +  6     a~6_2(a'-5')     (a-hhy     {a -by 
a-'b'^a  +  b'    a'-^b'    '^  a'-b*  '^  a'^b' 

_  2a'-25'  +  a'-f2a5  +  5'  +  a'-2ab  +  £' 

a'-b' 

4a" 


b     b~    b    ' 

a     c     ad     be  ^  ad— be 
b'"d"bd''bd''~~bd~' 

a     c-¥d^a{c''d)     b(e  +  d)  ^arC  —  ad—(bc  +  bd) 
b  "c^^blc-d^'blc-d)  ~         b(c-d) 

ac  —  o^—  bc  —  bd  ^ 
=         b{c-d)        ' 

a  +  b  __ a-b  _ {a  +  by  __  {a -by  __  {a  +  by-{a-by 
a-b     a  +  b"  a'-b'      a'-b'"         a'-b' 

_  g'  +  2ab  +  5'  -  (a^-'2ab  +  V) 
a'-b' 

a*  +  2ab  +  b'-a^  +  2ab  -  6*        4a5 


141.  The  rule  for  the  multiplication  of  two  fractions  is,  mul- 
tiple/ the  numerators /or  a  new  numerator,  and  the  denominators 
for  a  new  denomina;tor, 

f*  ft 

The  following  is  usually  given  for  a  proof.     Let  7  and  -^  be 

two  fractions  which  are  to  be  multiplied  together;  put  r-  =  a?,  and 

-T  =  y;  therefore 

a—bxy  and  c  =  dy, 
therefore  ac  =  bdxy'y 

Old 

divide  bv  bd\  thus  Ti  =  xy, 

'  bd       ^ 
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This  process  is  satisfactory  when  x  and  y  are  really  integers, 
though  under  a  Pactional  form,  because  then  the  word  multiplica- 
tion has  its  common  meaning.  It  is  also  satisfactory  when  one  of 
the  two,  X  and  y,  is  an  integer,  because  we  can  speak  of  multiplying 
a  fraction  by  an  integer,  as  in  Art.  133.  But  when  both  x  and  y 
are  fractions  we  cannot  speak  of  multiplying  them  together  with- 
out defining  what  we  mean  by  the  term  multiplication^  for,  ac- 
cording to  the  ordinary  meaning  of  this  term,  the  miUtipIier  must 
be  a  whole  number. 

In  fact  the  so-called  rule  for  the  multiplication  of  fractions  is 
really  a  definition  of  what  we  find  it  convenient  to  understand  by 
the  multiplication  c^  fractions.  And  this  definition  is  so  chosen 
that  when  one  of  the  fractions  we  wish  to  multiply  together  is  an 
integer  in  a  fractional  form,  or  when  both  are  such,  the  result  of 
the  definition  coincides  with  the  consequences  drawn  from  the  or- 
dinary use  of  the  word  mvZtiplication, 

142.  The  following  verbal  definitions  may  shew  more  clearly 
the  connexion  between  the  meaning  of  the  word  multiplication 
when  applied  to  integers,  and  its  meaning  when  applied  to  frac- 
tions. When  we  multiply  one  integer  a  by  another  h,  we  may 
describe  the  operation  thus :  what  we  did  with  unity  to  obtain  b 
we  must  now  do  with  a  to  obtain  b  tim>e8  a.  To  obtain  h  from 
unity  the  unit  is  repeated  6  times ;  therefore  to  obtain  h  times  a 
the  number  a  is  repeated  h  times.     Now  let  it  be  required  to 

multiply  the  fraction  t  by  -^;  adopting  the  same  definition  as 

above,  we  may  say  that,  what  we  did  with  unity  to  obtain  -j  we 

a  c  a  c 

must  now  do  with  r  to  obtain  ^  times  r  .     To  obtain  -=  from  unity 

b  d  b  d  ■        "^ 

the  unit  is  divided  into  d  equal  parts,  and  c  of  such  parts  are  taken; 

therefore,  to  obtain  -j  times  7-,  the  fraction  7-  is  divided  into  d 

a  0        ^  0 

equal  parts,  and  c  such  parts  are  taken.    Now,  by  Art.  134,  if  =r  be 
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divided  into  d  equal  parts,  each  of  them  is  j-z ,  and  if  c  such  parts 


bd 


be  taken  the  result  is  ^^-T• 

od 


The  definition  then  of  multiplication  may  be  given  thus;  to 
obtain  the  product  of  the  multiplier  and  multiplicand  we  treat  the 
multiplicand  in  the  same  way  as  unity  was  treated  to  obtain  the 
multipUer. 

143.  To  multiply  three  or  more  fractions  together,  muUiply 
all  the  ny/niera>tor8  for  the  new  numerator ^  and  aU  tlie  denominators 
for  the  new  denominator, 

144.  Suppose  we  have  to  divide  t  ^7  -j*     Here,  by  the 

natxire  of  division,  we  have  to  find  a  quantity  such  that  if  it  be 

c  a 

multiplied  by  -j  the  product  shall  be  t  .     This  is  the  meaning  of 

division  applied  to  integers,  and,  we  shall  give  the  same  meaning 
to  division  applied  to  fractions,  an  operation  which  hitherto  has 
not  been  defined. 

Let  r  "T  -7  =  aJ  j  then  t  =  a?  x  -^  =  ^- :   therefore  -r  =xc^    and 
o     a  0  a     a  o       , 

ad 

T-  =  a5.     Thus  we  obtain  the  rule  for  dividing  one  fraction  by 

another;  invert  the  divisor y  and  proceed  as  in  multiplication, 

145.  Hitherto  we  have  supposed,  in  the  present  chapter,  that 
the  letters  represented  t«?Ao?e  nwmhers;  and- have  thus  only  recalled 
rules  and  proofs  which  are  familiar  to  the  student  in  Arithmetic. 
But  in  virtue  of  our  extended  definitions  it  may  be  proved  that  all 
the  rules  and  formulae  given  are  tnie  when  the  letters  denote  any 
numbers  whole  or  fractional.     Take,  for  example,  the  formula 

-T  —  j-'t  and  suppose  we  wish  to  shew  that  this  is  true  when 

m     ^     p  -       r 

a  =  — ,   6  =  -,   anac  =  -. 
n  q  8 
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—r       a     fn     p     m     Q     mo 
0     n     q      n     p      wp 

also  00  =  — ,  and  he  =—  : 
rw  qs 

billlS   -s —  ^ "j =  X  —  =  — • 

he      m      qs      7is      fT     nspr      np 

Thus  the  formula  is  shewn  to  be  true. 

Moreover  these  formulae  and  rules  hold  when  the  letters  de- 
note negative  quarUUies  by  Tiiijue  of  the  remarks  already  made 
in  Chapter  v. 

146.  By  means  of  the  foregoing  rules  and  formulae  we  can 
simplify  Algebraical  fractions,  in  which  the  numerator  and  de« 
nominator  are  themselves  fractional  expressions.     For  example, 

a        h        a(a  +  h)  +  b' 

b     a-\-b        h{a  +  h)         a^+ab^-V        a{a-b)    _a(a^-b^ 
a        6""7-&(aI&)""    b{a  +  b)     "^a'-ab  +  b'"  b{(^  +  b^' 
a  —  b     a        a{a  —  b) 

147.  The  beginner  requires  to  be  warned  that  in  reducing 
fractional  expressions  he  should  keep  the  simplest  forms  .which 
are  admissible,  in  order  to  avoid  unnecessary  labour.  For  exam- 
ple, suppose  we  have  to  reduce  the  following  expression  to  a  single 
fraction, 

a  b  e 

+ 


(a-6)(a  — c)(aj  — a)     (6  — a)  (6- c) (a;- 6)     (c-a)(c  — 6)  (cc  — c)' 

We  might  take  the  product  of  all  the  denominators  for  a  com- 
mon denominator  and  transform  the  three  fractions  accordingly; 
but  a  little  consideration  will  shew  that  there  is  a  much  simpler 
common  denominator  which  we  may  put  in  the  following  sym- 
metrical form, 

{a  -  6)  (6  -  c)  (c  -  a)  (oj  -  a)  (x  -  6)  (a;  -  c). 
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We  may  write  the  proposed  expression  thus, 

a  h  c 


{a-'b){C'-d){x-a)     (a-b)  {b-c){x-b)     (c-a)(6-c)(a;-c)' 

then  by  reducing  to  the  common  denominator  we  find 

a(J}-c){x-h){x-c)^-h{c-~a){x--a){x-c)-{-c{a-'b){x-'a){x-b) 
(a  —  b)(p  —  c){c  —  a){x  —  a){x  —  b){x  —  c) 

On  working  out  the  numerator  we  find  that  it  reduces  to 
and  we  shall  also  find  that 

Thus  the  proposed  expression  becomes 

X    ' 

{x  —  a){x  —  b)  {x-c)' 
'As  another  example  it  may  be  shewn  that 

a'  b'  c' 


{a  ^b)(a-'  c)  (x  -  a)     (6  —  a)  (b  —  c){x'—  b)     (c  —  a)(c  —  b)  {x  —  c) 


x' 


(x  —  a)  (a;  —  b)  (x  —  c)' 


\                                                       EXAMPLES  OF  FRACTIONS. 

Simplify  the  following  fractions  : 

a^-6a^+lla?-6                ,  a'  +  3a'& +  3a6'+y 

«»-3a;  +  2       '              '  a'+2ab  +  b'      ' 

x*+l0af+S5af+50x  +  2i  .      3a^~  163^+ 23a;-6 

af+9x'-^2ex^2i       '  2a»-lla;'+17a;-6* 

^        6a:»~ga^  +  4  ^       2a;*  +  9a;' +  7a; ~  3 

^'     2ix^^af'-x  +  2'  3a^  +  5a;«-15a;  +  4* 

3a;' +  12a;  4- 9  ^      a;*-- 6a;'- 37a;  +  210 

a;*+5a;»+6   *  '             a;»  +  4a;'-47a;-210' 

T.A.  6 
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11  a;*-a^-a;+l  g*  ^  5a*  ^  ^5^  +  y 

2h^{V-4)x^2ha?'  ^^'     (^Ty^^Vrp- 

^^      (1  -  lOa^  +  bx'^b  -  30a^  +  5aj')  +  {6x  -  10a?»  +  aj^(20a;  -  20x») 

(5aj  -  10«»  +  a;'*)"  +  (1  -  lOa?*  +  6xy  ' 

16      (l-a')(l-6')(l-c')-(c  +  a5)(54-mU«  +  6c) 
*.  l-a"-6'-c'~2a*(j      ^  ' 

Perform  the  additions  and  subtractions  indicated  in  the  fol- 
lowing examples  from  17  to  37  ; 

17.    -^,  +  -^,.  18.    — ?_+__i_ 

a  +  b     a-b  °-     2a-2b     2b-2a' 

.     2         3         2a!-3 
^^*    «     2«-l     4sb'-1" 


20.  (i+i)(a+6).-(^^-^*V 

21.  ^  ^  ^ 


22.    - 


a;-l     ic  +  2     (ic  +  2)*' 
5  1  24 


2(a;+l)      10(0;- 1)      6(2a;  +  3)' 

^^      h  —  a     a -'2b     3a;  (a  -  6) 
aj  —  6      a;  +  6         a^—b'    * 

^,      3  +  2aj     2-3aj     16a;-aj* 


25. 


2-x       2  +  x        af-4:  • 

4 -20a; 


l-2aj     l+2a;     4a"- 1' 


26,    — 7+-i — 7^~   ,    ,,.       27.    -T — ^  + 


d  +  b^a'-'b'     a'  +  b''       ■  o'-y'     (a;+.y/     (^-y)"* 
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9ft       (^'  +  ^y       «     ^      9  oQ         «      .     3fl5  2ax 

(W{a-oy     b     a  a-x     a-hso     a-x' 

rt^      3a— 45     2a^h'-e     15a  — 4<j  a  — 45 

30.    — = s + 


31. 


32. 


33. 


34. 


35. 


36, 


37. 


7  -3  12  21 

a  +  5  5  +  c  c  +  a 


(5-c)(c-a)     <c-a)(a-5)     {a-6)(6-c)' 

a*  —  5c  V-ca  if-^db 

^ -I \.  - 

(a4-5)(a  +  c)     (54;c)(5  +  a)     (c  +  a)(c  +  5)* 

(a_5)(a-.c)"*'(5  +  c)(5-a)'*'(c-a)(c  +  5)* 

be  ca  ah 

{C'-a){a^b)'^  {a'-b){b--c)'^  {b--c){c--ay 

1  1  1 


a(a-5)(a-c)     5(5-c)(5-o)     c(c-a)(c-5)' 

a  —  5     5  —  c     c  —  a     (a  —  5)  (5  —  c)  (c  —  a) 
a  +  5     5  +  c     c  +  a     (a  +  5)  (5  +  c)  (c  +  a)  ' 

2     .     2        ra-5)"  +  (5-c)"  +  (c-a)» 

+  7 + +  7 tTTt TT ^ ^ —      • 


2 


a-5     5-c     c-a  (a--b){b-c){c-a) 


38.  Multiply  ^1-^"  by     /   ,,, 

39.  Multiply  ^±^  by    ^"f*,. 

iA     Tir  IX-  1    X      XI.      3aa5     a'-a?"     5c  +  5aj       .  c-x 

40.  Multiply  together  TT- ,  -5 — 5,   -5 and . 

^^'^     ®  45y     c^-af'   a-hoao         a-so 

41.  Prove  that 

\G     by      \a     cj      \b     a/  \c     5/  \o     aj  \o     a/ 

l__aj»     1-V*  X 

42.  Multiply  together  -^ ,   — ~  and  1  +  = • 

1+y     aj  +  or  l-oj 

43.  Multiply  -j-^jr '—^  «ld  -7—^^ ^3  ♦ 
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U.    Simplify  ^-2^^^.  x^,^^. 

45.    Simplify  (^-^--^)^. 


46 


«.      1./.    a'-ft'   a  +  i^    /a'-ab  +  h'y 


sCt       OS  Qj       m 

47.  Multiply  -5--  +  I  by  -^+-  +  1. 

^  "^  a'     a  ^  or     a 

1      1 

48.  Multiply  aj'-aj  +  l  by-j+-  +  l. 

2a°4-13a'a;-~15aa:'-126g:'     2a' +  19a'a;  + 35qa;' 
^    ^  ti?x  +  6aaj*  -  7a5*  a'-  a*a;  -  4aa;'  -  6»* ' 

50.     Divide  7 r-g  by 


{^■\-Qif      ^  a'  — 05 


I 


51.    Divide  i^^Uy 


6a6 


h(a-^hy    ^  a'-V' 


52.     Divide  -^^  by     ^ 


oif  +  y^    ^  y  +  x' 

03.     Divide  ^  +  -^ -o — i  by  -2— "% . 

aj  +  y      x-y     xr-]f    •'  xr-'if 

54.  gi„.piify^^l)^(|.-Ul). 

65.     Simplify  (^-J^H-^,)-.(^-^). 

56.  Simplify  (^.^).(^^-^> 

57.  Divide  a*- -4  by  aj  +  -. 

58.  Divide  a* +• -5  +  2  by  »  +  -. 

a?  a? 
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59.  Divide  a;*+l+-»  by  —  l+x. 

or     '^    X 

60.  Divide  a'-h'--c'  +  2hc  by  ?^±4^. 

/.1      1^.  .1    tt"  +  3a'a:  +  Saaj' +  05*  ,  (a  +  xY 

61.  Divide  5 g by      ^         ^ 


62.     Divide  a'*-.y-c"-26(j  by 


a;«  —  y8  ^af  +  xj/  +  f/'' 

a-hh  +  c 


a  +  b  —  c'    . 


12a'  2a^ 

63.  Divide  05*- 3a;K- 2a"  + n-  by   3aj-6a 5-. 

64.  Divide -s-i-4+— 5-  by  ^5 . 

2a*  or      '^    2a      X 

a  +  6     a-h 

c  +  d     c  —  d 

65.  Simplify         v  ; « 

+ 

a  +  flj     a  — a? 

+ 

«.      ,.«    a  —  x     a  +  x 

66.  Simplify . 

^    •'  a  +  a;     a  — a; 

a  — 05     a  +  oj 

a-1      6-1      c-1 

67.  Simplify  ^ r-  5 , 

^    "^   6c  +  ca-a5  111 

-+        - 

a     6      c 

I 

70.   -Simplify  (^-^4-(^±?^-^. 
^         \x  -^     X  +if/      \a5  — y     05 +  y/ 
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m*  +  w" 


n  m  ^n 


72.     Simplify        '     .       X  ^ 

91       97ft 


9Wr'  +  91*  * 


a5  +  e»     a?  — a 


73.    Simplify-^ g__«-«     a^  +  g 

"^    "^  as— a     aj+a     aj  +  a     a?-a 

+ 

x  —  a     x-{-a 

1  1 

-  + 


74.     Simplify  ^^ _|i  +  ___j 


75.     Simplify 


a     h  +  c 
1 


1 

X  +  — 


76.    Simplify 


-      a?+l 

a 


b  + 


IX    EQUATIONS  OF  THE  FIRST  DEGREE. 

148.  Any  collectioii  of  Algebraical  symbols  is  called  an  ea> 
presaiom  When  two  expressions  are  connected  by  the  sign  of 
equality  the  whole  is  called  an  egucUion,  The  expressions  thua 
connected  are  called  sides  of  the  equation,  or  memhera  of  the  equa- 
tion. The  expression  to  the  left  of  the  sign  of  equality  is  called 
the^^^  side,  and  the  expression  to  the  right  the  second  pide. 

149.  An  identical  equation  is  one  in  which  the  two  sides  are 
equal  whatever  numbers  the  letters  stand  for;  for  example, 

(a;+6)(aj-6)  =  a;»-6» 

is  an  identical  equation.     An  identical  equation  is  called  briefly 
an  identity/. 


EQUATIONS  OF  THE  FIEST  DEGREE.  71 

150.  An  equation  of  condition  is  one  which  is  not  true  for 
every  value  of  the  letters^  but  only  for  a  certain  number  of  values; 
for  example, 

a;+l=7 

cannot  be  true  unless  a;  =  6.     An  equation  of  condition  is  called 
briefly  an  eqvMi&itu 

151.  A  letter  to  which  a  particular  value  or  values  must  be 
given  in  order  that  the  statement  contained  in  an  equation  may 
be  true  is  called  an  unknovm,  qucmtUy,  Such  particular  value  of 
the  unknown  quantity  is  said  to  satisfy  the  equation,  and  is  called 
B.  root  of  the  equation.  To  sdve  an  equation  is  to  find  the  parti- 
cular valute  or  values* 

152.  An  equation  involving  one  unknown  quantity  is  said  to 
be  of  as  many  dimensions  as  is  denoted  by  the  index  of  the 
highest  power  of  the  unknown  quantity.  Thus,  if  x  denote  the 
unknown  quantity,  the  equation  is  said  to  be  of  one  dimension 
when  X  occurs  only  in  the  Jirst  power;  such  an  equation  is  also 
called  a  simple  eqtuiHon,  or  an  equation  of  the  first  degree.  If  aj' 
occurs,  and  no  power  of  x  higher  than  jc*  occurs,  the  equation  is  said 
to  be  of  two  dimensions ;  such  an  equation  is  also  called  a  quad- 
ratio  equation,  or  an  equation  of  the  second  degree.  If  cc*  occurs, 
and  no  power  of  x  higher  than  a:*  occurs,  the  equation  is  said  to  be 
of  three  dimensions ;  such  an  equation  is  also  called  a  cfuhic  equa- 
tion, or  an  equation  of  the  third  degree.     And  so  on. 

It  must  be  observed  that  these  definitions  suppose  both  mem- 
bers of  the  equation  to  be  integral  expressions  so  far  a^  relates 
to  X,  and  not  to  contain  x  under  the  radical  sign. 

153.  We  shall  now  indicate  some  operations  which  may  be 
performed  on  an  equation  without  destroying  the  equality  which 
it  expresses.  It  will  be  seen  afterwards  that  these  operations  are 
useful  when  we  have  tp  solve  equations. 
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154.  If  every  term  on  each  side  of  an  eqtcation  he  multiplied 
or  divided  by  the  same  quantity  the  results  a/re  equal.  This  follows 
from  Arts.  100,  101. 

155.  The  principal  use  of  the  preceding  article  is  to  clear  an 
equMion  of  fractions ;  this  is  effected  by  multiplying  every  term 
by  the  product  of  all  the  denominators  of  the  fractions,  or,  if  we 
please,  by  the  lea^t  corrmwn  multiple  of  those  denominators. 
Suppose,  for  example, 

Multiply  every  term  by  2  x  3  x  4  j  thus, 

3x4xa;  +  2x4xic  +  2x3xa:=13x2x3x4; 

that  is,  12a;  +  805  +  60:  =  312. 

Divide  every  term  by  2  ;  thus, 

6a;  +  4a;+3a=156. 

Instead  of  multiplying  every  term  by  2  x  3  x  4  we  may  multi- 
ply by  12,  which  is  the  L.  c.  m.  of  2,  3  and  4.     Thus  we  obtain 

at  once 

6aj+4a;+3a:=156. 

156.  Any  quoffdiiy  may  he  transposed  from  one  side  of  an 
equation  to  the  other  side  by  changing  its  sign. 

Thus  suppose  x  —  a^b  —  y. 

Add  a  to  each  side  (Art.  98) ;  then 

a?  —  a  +  a  =  6  —  y  +  a, 
that  is,  x  =  b-ha-y, 

Now  subtract  b  from  each  side ;  thus, 

x  —  b  =  b  +  a-y-h  =  a  —  y. 

Here  we  see  that  ~  a  has  been  removed  from  one  side  of  the 
equation,  and  appears  as  +  a  on  the  other  side ;  and  +  b  has  been 
removed  from  one  side  and  appears  as  ~  6  on  the  other  side. 
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157.  If  the  sign  of  every  term  in  cm  equation  be  chomged  the 
equality  still  holds. 

This  follows  from  the  preceding  article  by  transposing  every 
term.     Thus  suppose 

x  —  a  =  h  —  y. 

By  transposition,  y  —  6  =  a  —  a?, 

that  is,  a-x^y  —  h', 

this  result  is  what  we  shall  obtain  if  we  change  the  sign  of  every 
term  in  the  original  equation. 

158.  We  can  now  give  a  rule  for  the  solution  of  any  simple 
equation  with  one  unknown  quantity. 

Let  the  equation  first  he  cleared  of  fractions  ;  then  transpose  all 
the  terms  which  involve  the  unknovm  quantity  to  one  side  of  the 
eqv^ation,  and  the  hnown  quantities  to  the  other ;  divide  both  sides 
by  the  coefficieifU  or  the  sum  of  the  coefficients  of  the  unknown 
qucmtity,  and  the  value  required  is  obtained. 

The  truth  of  the  rule  will  be  obvious  from  the  principles 
of  the  preceding  articles,  and  we  shall  now  apply  it  to  some 
examples;  in  these  examples  the  unkno^on  quantity  will  be  de- 
noted by  a?,  and  when  other  letters  occur,  they  are  supposed  to 
represent  knqvm  quantities. 

159.  Solve  3aj  -  4  =  24  -  aj. 
By  transposition,  3a:  +  «  =  24  +  4 ; 
thus,  4aj  =  28; 

by  division,  a?  =  — -  =  7. 

We  may  veri/y  the  result  by  putting  7  for  x  in  the  original 
equation.  The  first  side  becomes  3x7-4,  that  is,  21  —  4,  that  is, 
17;  the  second  side  becomes  24  —  7,  that  is,  17. 
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« 

160.  Solve  «^4--13  =  |H-i|. 

Multiply  by  96,  which  is  the  L«aM.  of  the  denominators ; 
thus,     5x48xa;-4x32xaj-13x96  =  0xl2  +  3aj; 
that  is,  240aj  -  128a;  - 1248  =  60  +  3aj ; 

by  transposition,         240aj  -  128aj  -  3a;  =  1248  +  60 ; 
thus,  109a; « 1308; 

by  division,  x  =  rrrr^-  =  12. 

We  may  verify  the  result  by  putting  12  for  a;  in  the  original 
equation ;  it  will  be  found  that  each  side  of  the  equation  then 
becomes  1.  .  ^  / 

161.  Sometimes  it  is  convenient  to  dear  of  fractions  par- 
tiaUy,  and  then  to  effect  some  reductions  before  getting  rid  of  the 
remaining  fractional  coefficients.     For  example,  solve 

x  +  1     2a;-16     2x^6     ^,      3a;  +  7 

"n -z-^—4. —  ^*^"T2"- 

Here  we  may  conveniently  multiply  by  12 ;   thus, 
^^^-^^-4(2a;-16)  +  3(2a;  +  5)  =  16x4  +  3a;  +  7; 

that  is,         m^±l)-.8a;  +  64  +  6a;+15  =  64  +  3a;  +  7. 

By  transposition  and  reduction, 

12(a;  +  7)     ^     ^ 
— \rz — -'  +  8  =  5a% 

Multiply  by  11 ;  thus, 

12a; +84 +  88  =  55a;; 

by  transposition,  172  =  43a;; 

by  division,  x  =  -jo-  =  4. 


I 
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162.     Solve 


2aj  +  l     dx-S* 

Multiply  by  {2x  + 1)  (5x  -  8) ;  thus, 

5(5aj-8)  =  2(2a:+l); 
thatis,  25x"i0==ix+2', 

by  transposition,  21a; = 42  j 

bydiyisioni  aj=^  =  2. 

163.  Solve     ^J^=^^. 

3aj-4     6a;-7 

Multiply  by  (3aj-4)(6a?-7);  thus, 

(2a?-3)(6a;-7)  =  (4a;-5)(3aj-4); 
that  is,  12aj"-  32aj+21  =  12aj'-  31aj  +  20. 

Take  away  12a;'  from  both  sides;  thus, 

21-32aj  =  20-31aj; 
by  transposition,  21  -  20  =  32a;  -  31a; ; 

thus,  a;=^l. 

164.  Solve    J-4  =  ^-g. 

Multiply  by  12;  thus, 

3a;-.  48  =  20a; -14; 
by  transposition,  17a;  =  —  34; 

by  division,  a;  =  -~|  =  -2. 

We  may  verify  this  result ;  each  side  of  the  equation  will  be 

9 
found  to  become  -  ^  • 
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165.  Solve  (ix  +  h  =  cx  +  d. 

By  transposition,         cuc  —  cx^d—b; 
that  is,  (a  —  c)  05  =  c?  —  S ; 

by  division,  x=j-^. 

Verification;  put  this  value  for  x  in  the  original  equation; 

then  the  first  side  becomes.  — +  6,  that  is,  — +  -^ , 

a— c  a—c  a—c 

that  is, ,     And  the  second  side  becomes  — +  d.  that 

a—c  a—c         ■ 

a—c  a—c  a—c 

166.  We  may  remark  that  an  equation  of  the  first  degree 
cannot  have  more  than  one  root.  For  any  equation  of  the  first 
degree  will  take  the  form  ax  =  b  i£  the.  unknown  quantity  is 
brought  to  one  side  of  the  equation,  and  the  known  quantities  to 

the  other,  and  to  make  this  true  x  must  be  equal  to  — ,  and  to 
nothing  else.  : 

The  result  is  sometimes  obtained  thus.  Suppose,  if  possible, 
that  this  equation  has  two  difierent  roots  a  and  j3;  then  by 
supposition, 

a>a  =  b,         a^  —  b; 

therefore,  by  subtraction, 

'a(a-^  =  0; 

but  this  is  impossible,  since  by  supposition  a  — ^4s  not  zero,  and 
a  is  not  zero.  Thus  an  equation  of  the  first  degree  cannot  have 
more  than  one  root      ' 
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«      a;  +  l      3a;-4      1      6a;  +  7 

3.       — ^r-  + = —  +  TT  = 


4. 


2  5         8         8      • 

5x^11      x^l  _lla;~l 
4  10    "^      12      • 


-     a?     oj     a?     1                           ^     aj  +  1     aj  +  2     -^     a;+3 
^-     2"'3"4=2-  ^'    -2"^"^^^^ ^' 

^      7a;-8     15«+8_„       31 -a; 

a;~3     2a;- 5  _ 41      3a; -8     5a; 4- 6 
*    ^'    "T""      6      "60'*'"n5r"'     15    ' 

a;  — 3     a;~4_a;-5     a;  +  l 

,^     a;-l      4a;-f     7a;-6     „     a;-2     3a;-9 
^^-    --3-^      5      -- 8-  =  ^-^-2~^"-IO- 

11.    ?5li?.^^>g=0..     12.    ^.!^  =  5a;-10. 

l/«      X          ,-     x  +  6     X 
13.    i(8-a;)  +  a!-l|  =  -2 j. 

x  +  S     a!-2_3a;-5     1 
!*•     "2  3     ~     12     "^i* 

3a;- 1     13--«_7a)     ll(a;  +  3) 
^^'     ~1  2~~  3  "^        6        • 

16.    — ^; 3~~T      6^*    *' 

,„     ea!-l     9«-5     9«-7 

17-  -T--'-Tr=~r— 
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18.  -^ _+10--^  =  0. 

19.  «-?!^=^rL9,  .20,    2.:.^^-2a;     2a?-ll 


21. 


4         6             3     -            -^.    ~         2  3      • 

-4--(«— 9-;  =  7.     22.    -^ ^i-__J  =  7a:. 


.  23.    ^-^=14-^.   <24    a,+ll^  =  26-« 


'  26. 


2a;- 1     3a!-2_5a!-4     7a;+6 
"~3  4     ~     6  12 


-^      2a! -9      as      a; -3     q-, 
«^     3aj-7     25-4aj     ^aj-U 

28.      — ^—  + ?: = s • 


29. 


19aj  +  i(7aj-2)  =  4a;  +  i: 


f  > 


*     30.     aj  =  3a:-2(4-aj)  +  g. 

.  «,      2«  +  5     40-aj     lOaj-427 
^^'        13  8  19 

,   32.    ^-.?^  =  3.-14. 

>    33.    --^  +  5  =  a,-(^  +  l^. 

a5-l     aJ-2     a;  +  3     aJ  +  4  .  - 

a;— 1     a;— 2     a;— 5     a;  — 6 
^^2  "^^33-^176  "a;- 7' 

.  36.    (a!-6)(aj-2)-(ai-5)(2a!-5)  +  (a!+7)(aJ-2)=0. 
-     37.    3-a!-2(a!-l)(a!  +  2)  =  (»-3)(5-2a!). 
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38.     »--3-(3-aj)(aj+l)  =  (aj-3)(l+a;)  +  3-aj, 

•    40.     (x  +  ^(x-^-{x  +  5)(x-3)+l  =  Q. 
41.     (x-|)(a,+|)-(a,-6)(«  +  3)-^^  =  0. 


42. 


45. 


4& 


49. 


9x  +  5     8x-7     36x+15     10^ 
14    ■'"6a!+2~      66-     '^IT' 


.,     605  +  7     2a!-2     2a!+l      *.,      Bx+l      2a!-4      2a!-l 
4o.     — =-= = ^  =  — = —  ,      44. 


15        7aj-6         5     '  15        7a!-16~     5 

4  7  37 


x  +  2     x  +  i     a^  +  5x+&' 

46.  (a!  +  l)'  =  {6-(l-iB)}a!-2. 

47.  1111 


05—2       05  —  4       05-6       05  —  8' 

2  1  6 

2x'-5  "*"«-3  "3a:-l* 

25-hx  ^  lex  +  A^^   23    ^^ 
x+l         3a5  +  2       sc+l 


•»»•  5('-3)-j(-?)n('-|)-»' 

.  51.  (a  +  a;)(6  +  »)  =  (c  +  fl5)(c?  +  aj). 

^>^  X        X  a  e-o  ,     a;     1 

•52.  -+T =  T •  53.    aa;  +  6  =  -+T. 

^.  x-a     x-b     x-e     a5-(a  +  6  +  c) 

'^^-  -T~'"~r"^~r= — S6^ — ' 


JB— C       05  — a       05—6* 

^    66.     (a  +  a;)(6  +  iB)-a(6  +  c)  =  ^  +  iB', 


a*c 
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^   ^^      3abc        aV        (2a  +  h)h^x     „         bx 
a +  6     (a +  6)         a{a  +  b)  a 

58.  f^»y=^ii2^. 

\x-\-bJ     x  +  a  +  2b 

59.  'I5x  +  l  '575  -  -ST^aj  =  •0625a. 

60.  1.2aj-'-l^^^  =  4a;  +  8-9. 

•5 

61.  4-8a;- '^^^7 '^^  =  1 '6a; +  8-9. 


X.     PROBLEMS  WHICH  LEAD   TO  SIMPLE  EQUA- 
TIONS  WITH  ONE  UNKNOWN  QUANTITY. 

167.  We  shall  now  apply  the  methods  already  given  to  the 
solution  of  some  problems,  and  thus  exhibit  to  the  student  speci- 
mens of  the  use  of  Algebra.  'In  a  problem  certain  quantities'  are 
given,  and  cei-tain  othergj,  which  have  some  assigned  relations  to 
them,  are  to  be  found.  The  relations  are  usually  expressed  in 
ordinary  language  in  the  enunciation  of  the  problem,  and  the 
method  of  solving  the  problem  may  be  thus  described  in  general 
terms: — denote  the  unknown  quantities  by  letters^  and  express  in 
Algebraical  langiuige  the  relations  which  hold  between  the  un- 
knoum  quantities  and'  the  given  quantities;  we  shaU  thus  obtain 
equations  from  which  tlie  values  of  the  unhfioum  quantities  may  be 
derived. 

We  shall  now  give  some  examples. 

168.  The  sum  of  two  numbers  is  89  and  their  dijQference 
is  31  j  find  the  numbers.- 

Let  X  denote  the  less  number,  then  the  greater  number  is 
31  +«;  thus  since  their  sum  is  89,  we  have 

31+a;  +  a;  =  89, 
that  is,  31+ 2a;  =  89; 


i 
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by  transposition,  2a;  =  89  —  31  =  58 ; 

by  division,  a?  =  -5-  =  29. 

Thus  the  less   number  is   29,  and  the  greater  is  29+31,  that 
is,  60. 

169.  A  bankrupt  owes  B  twice  as  much  as  he  owes  Ay  and 
G  as  much  as  he  owes  A  and  B  together;  out  of  £300  which  is  to 
be  divided  among  them,  what  should  each  receive? 

Let  X  denote  the  number  of  pounds  which  A  should  receive; 
then  2x  is  what  B  should  receive;  and  x  +  2a5,  that  is  3ic,  is  what 
C  should  receive.     The  whole  sum  they  receive  is  £300;  thus, 

a;  +  2a;  +  3a;  =  300; 

that  is,  6aj=300; 

A  300     ^^ 

and  aj  =  -77-  =  D0: 

o 

therefore  A  should  receive  £50,  B  £100,  and  C  £150. 

170.  Divide  a  line  21  inches  long  into  two  parts,  such  that 
one  may  be  three-fourths  of  the  other, 

3aj 
Let  X  denote  the  number  of  inches  in  one  part,  then  -7-  denotes 

the  number  of  inches  in  the  other  part;  thus, 

a;  +  -7-  =  21; 
4 

clear  of  fractions;  thus, 

4a;  + 305=84; 

that  is,  7a;=84; 

84 
therefore,  a; = -y  =  1 2. 

Thu&  one  part  is  12  inches  long  and  the  other  9  inches. 

171.  If  A  can  perform  a  piece  of  work  in  8  days,  and  ^  in    ^^ 
10  days,  in  what  time  will  they  perform  it  together? 

T.A.  6 
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Let  X  denote  the  number  of  days  required.     In  one  day  A  can 

1  X 

perform  ^th  of  the  work,  therefore  in  x  days  he  can  perform  ^ths 

of  the  work.     In  one  day  -5  can  perform  TTjth  of  the  work,  there- 

■» 
fore  in  x  days  he  can  perform  TTxths  of  the  work.     Hence  since 

A  and  JB  together  perform  the  whole  work,  in  x  days,  we  have 

X       X       ^ 

—  4-   —  =  1  • 

8^10       ' 
clear  of  fractions  by  multiplying  by  40;  thus, 

5x  +  4:X  =  40, 
that  is,  9a?  =  40; 

therefore,  x=  — -  =  4  J. 

t/ 

172.  A  workman  was  employed  for  60  days,  on  condition 
that  for  every  day  he  worked  he  should  receive  15  pence,  and  for 
every  day  he  was  absent  he  should  forfeit  5  pence;  at  the  end  of 
the  time  he  had  20  shillings  to  receive;  required  the  number  of 
days  he  worked. 

Let  X  denote  the  number  of  days  he  worked,  then  he  was 
absent  60  — a;  days;  thus  15x  denotes  his  pay  in  pence,  and 
5  (60  —  x)  denotes  the  sum  he  forfeited.     Thus, 

15a;-5(60-a?)  =  240;  ) 

that  is,'  I5x  -  300  ■\-5x=  240 ; 

therefore,  20ic  =  240  +  300  =  540; 

therefore,  x  =  -^  =  27. 

Thus  he  worked  27  days  and  was  absent  60  —  27  days,  that  is, 
33  days, 

17S(f  How  much  rye  at  four  shillings  and  sixpence  a  bushel 
must  be  mixed  with  fifty  bushels  of  wheat  at  six  shillings  a  bushel, 
that  the  mixture  may  be  worth  five  shillings  a  bushel) 
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Let  X  denote  the  number  of  bushels  required;  then  9x  is  the 
value  of  the  rye  in  sixpences,  and  600  is  the  value  of  the  wheat. 
The  value  of  the  mixture  is  10  (50  +  x).     Thus, 

10(50  +  a;)  =  9a;+600; 
that  is,  10a; +  500  =  9a; +  600; 

and  a;  =  1 00. 

174.  A  smuggler  had  a  quantity,  of  brandy  which  he  expected 

would  produce  ^9.  I85. ;  after  he  had  sold  10  gallons  a  revenue 

officer  seized  one-third  of  the  remainder,  in  consequence  of  which 

he  makes  only  £8.  28. ;  required  the  number  of  gallons  he  had 

and  the  price  per  gallon. 

198 

Let  X  denote  the  number  of  gallons ;  then •  is  the  value 

»  X 

fc-lO 
of  a  gallon  in  shillings.     The  quantity  seized  is  — - — ,  and  the 

,        .,,.    .  a;--10     198     ., 
value  of  this  is  — s —  x ;  thus, 

«/  X 

i:il2x  1^=198 -162  =  36. 

0  X 

Multiply  by  Sx;  thus, 

198  (aj- 10)  =  3a;  X  36  =  108a;; 
therefore,  1 98a;  - 1 08a;  =  1 980 ; 

that  is,  90a;  =  1980, 

and  X  = =  22. 

90 

Thus  22  is  the  number  of  gallons,  and  the  price  of  each  is 

198 

-^^  shillings,  that  is,  9  shillings. 

175.  The  student  may  now  exercise  himself  in  the  solution 
of  the  following  problems.  "We  may  remark  that  in  these  cases 
the  only  difficulty  consists  in  translating  ordinary  verbal  state- 
ments into  Algebraical  language,  and  the  student  shooild  not  be 
discouraged  if  at  first  he  is  sometimes  a  little  perplexed,  since 
nothing  but  practice  can  give  him  readiness  and  certainty  Id 
this  process. 

6—2 
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EXAMPLES   OF  PROBLEMS. 

^  1.  The  property  of  two  persons  amounts  to  £3870,  and  one 
of  them  is  twice  as  rich  as  the  other;  what  is  the  property  of 
each] 

^  2.     Divide  £420  among  two  persons  so  that  for  every  shilling 

one  receives  the  other  may  receive  half-a-crown. 

^'  3.     How  much  money  is  there  in  a  purse  when  the  fourth 

part  and  the  fifth  part  together  amount  to  £2.  5$.  % 

//       4.     After  paying  the  seventh  part  of  a  bill  and  the  fifth  part, 
X92  is  still  due:  what  was  the  amount  of  the  bill? 

5.  Divide  46  into  two  parts,  such  that  if  one  part  be  di- 
vided by  7  and  the  other  by  3,  the  sum  of  the  quotients  shall 
be  10. 

6.  A  company  of  266  persons  consists  of  men,  women  and 
0    children;   there  are  four  times  as  many  men  as  children,  and 

twice   as  many  women  as  children.     How  many  of  each  are 
there? 

7.  A  person  expends  one-thii*d  of  his  income  in  board  and 
v/    lodging,  one-eighth  in  clothing,  and  one-tenth  in  charity,  and 

saves  £318.     What  is  his  income] 

8.  Three  towns.  A,  B,  G,  raise  a  sum  of  £594 ;  for  every  pound 
which  B  contributes,  A  contributes  twelve  shillings,  and  G  seven- 
teen shillings  and  sixpence.     What  does  each  contribute] 

9.  Divide  £1520  among  A^B,  and  (7,  so  that  B  shall  have 
£100  more  than  A^  and  G  £270  more  than  B. 

10.  A  certain  sum  is  to  be  divided  among  A,  B,  and  (7. 
^  is  to  have  £30  less  than  the  half,  j&  is  to  have  £10  less  than 
the  third  part,  and  (7  is  to  have  £8  more  than  the  fourth  part. 
What  does  each  receive  ] 

11.  The  sum  of  two  numbers  is  5760,  and  their  difference  is 
equal  to  one- third  of  the  greater;  find  them. 
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12.  Two  casks  contain  equal  quantities  of  beer;  from  the 
first  34  quarts  are  drawn,  and  from  the  second  80;  the  quantity 
remaining  in  one  vessel  is  now  twice  that  in  the  other.  How 
much  did  each  cask  originally  contain  1 

13.  A  person  bought  a  print  at  a  certain  price,  and  paid  the 
same  price  for  a  frame;  if  the  frame  had  cost  £1  less  and  the 
print  158,  more^  the  price  of  the  frame  would  have  been  only 
half  that  of  the  print.     Find  the  cost  of  the  print. 

14.  Two  shepherds  owning  a  flock  of  sheep  agree  to  divide 
its  value;  A  takes  72  sheep,  and  JB  takes  92  sheep  and  pays  A 
£35,     Required  the  value  of  a  sheep. 

15.  A  house  and  garden  cost  £850,  and  five  times  the  price 
of  the  house  was  equal  to  twelve  times  the  price  of  the  garden ; 
find  the  price  of  each. 

16.  One-tenth  of  a  rod  is  coloured  red,  one-twentieth  orange, 
one-thirtieth  yellow,  one-fortieth  green,  one-fiftieth  blue,  one- 
sixtieth  indigo^  and  the  remainder  which  is  302  inches  long,  violet. 
What  is  its  length? 

17.  Two-thii'ds  of  a  certain  number  of  persons  received 
eighteenpence  each,  and  one-third  receive^  half-a-crown  each. 
The  whole  sum  spent  was  £2.  158,  How  many  persons  were 
there  1 

18.  A  and  B  play  at  a  game,  agreeing  that  the  loser  shall 
always  pay  to  the  winner  one  shilling  more  than  half  the  money 
the  loser  has ;  they  commence  with  equal  quantities  of  money,  but 
after  £  has  lost  the  first  game  and  won  the  second,  he  has  twice 
as  much  as  A;  how  much  had  each  at  the  commencement? 

19.  A  crew  which  can  pull  at  the  rate  of  nine  miles  an 
hour,  finds  that  it  takes  twice  as  long  to  come  up  a  river  as  to  go 
down;  at  what  rate  does  the  river  flow? 

20.  Of  a  certain  dynasty  one-third  of  the  kings  were  of  the 
same  name,  one-fourth  of  another,  one-eighth  of  another,  one- 
twelfth  of  a  fourth,  and  there  were  five  besides.  How  many  were 
there  of  each  name  ? 
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21.  Find  that  number  the  third  part  of  which  added  to  its 
seyenth  part  makes  20. 

22.  '  A  person  who  possesses  £12000  employs  a  portion  of  the 
money  in  building  a  house.  One-third  of  the  money  which  re- 
mains he  invests  at  4  per  cent.,  and  the  other  two-thirds  at  5  per 
cent.,  and  from  these  investments  he  obtains  an  income  of  £392. 
What  was  the  cost  of  the  house? 

/       23.     The  difference  of  the  squares  of  two  consecutive  numbers 
is  15.     What  are  the  numbers? 

24.  A  farmer  has  oxen  worth  £12.  10«.  each,  and  sheep 
worth  £2.  58,  each ;  the  number  of  oxen  and  sheep  being  35,  and 
their  value  £191.  10«.     Find  the  number  he  had  of  each. 

25.  A  and  B  find  a  purse  with  shillings  in  it.  A  takes  out 
two  shillings  and  one-sixth  of  what  remains;  then  B  takes  out 
three  shillings  and  one-sixth  of  what  remains ;  and  then  they  find 
that  they  have  taken  out  equal  shares.  How  many  shillings 
were  in  the  purse,  and  how  many  did  each  take? 

26.  A  hare  is  eighty  of  her  own  leaps  before  a  greyhound ; 
she  takes  three  leaps  for  every  two  that  he  takes,  but  he  covers 
as  much  ground  in  one  leap  as  she  does  in  two.  How  many  leaps 
will  the  hare  have  taken  before  she  is  caught? 

27.  The  length  of  a  field  is  twice  its  breadth;  another  field 
which  is  50  yai-ds  longer  and  10  yards  broader,  contains  6800 
square  yards  more  than  the  former;  find  the  size  of  each. 

28.  A  vessel  can  be  emptied  by  three  taps;  by  the  first  alone 
\j     it  could  be  emptied  in  80  minutes,  by  the  second  in  200  minutes, 

and  by  the  third  in  5  hours.     In  what  time  will  it  be  emptied  if 
all  the  taps  are  opened? 

29.  If  an  income  tax  of  7d,  in  the  pound  on  all  incomes 
below  £100  a  year,  and  of  1*.  in  the  pound  on  all  incomes  above 
£100  a  year  realise  £18750  on  £500000,  how  much  is  raised 
on  incomes  below  £100  a  year? 
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30.  A  person  buys  some  tea  at  3  shillings  a  pound,  and  some 
at  5  shillings  a  pound;  he  wishes  to  mix  them  so  that  by  selling 
the  mixture  at  Zs,  8d,  a  pound  he  may  gain  10  per  cent,  on  each 
pound  soldj  find  how  many  pounds  of  the  inferior  tea  he  must 
mix  with  each  pound  of  the  superior. 

31.  A  fruiterer  sold  for  19a.  Gd  a  certain  number  of  oranges 
and  apples,  of  which  the  latter  exceeded  the  former  by  180.  He 
sells  the  apples  at  the  rate  of  5  for  Sd,,  and  15  oranges  bring 
him  in  l^d.  more  than  35  apples.  How  many  are  there  of  each 
sorti 

/  32.  A  cask  A  contains  12  gallons  of  wine  and  18  gallons  of 
water;  and  another  cask  JB  contains  9  gallons  of  wine  and  3  gal- 
lons of  water ;  how  many  gallons  must  be  drawn  from  each  cask 
so  as  to  produce  by  their  mixture  7  gallons  of  wine  and  7  gallons 
of  water? 

33.  A  can  dig  a  trench  in  one-half  the  time  that  JS  can;  £ 
can  dig  it  in  two-thirds  of  the  time  that  C  can ;  all  together  they 
can  dig  it  in  6  days;  find  the  time  it  would  take  each  of  them 
alone. 

34.  A  person  after  paying  sevenpence  in  the  pound  for  In- 
come Tax  has  «£408.  4a.  S^d,  left.     What  had  he  at  first] 

35.  At  what  times  between  one  o*clock  and  two  o'clock  is 
there  exactly  one  minute  division  between  the  two  hands  of  a 
clock? 

36.  A  person  has  just  a  hours  at  his  disposal;  how  far  may 
he  ride  in  a  coach  which  travels  h  miles  an  hour,  so  as  to  return 
home  in  time>  walking  back  at  the  rate  of  c  miles  an  hour] 

37.  A  certain  article  of  consumption  is  subject  to  a  duty 
f         of  6  shillings  per  cwt.;   in  consequence  of  a  reduction  in  the 

duty  the  consumption  increases   one-half,  but   the  revenue  falls 
one-third.     Find  the  duty  per  cwt.  affeer  the  reduction. 

38.  A  ship  sails  with  a  supply  of  biscuit  for  60  days,  at  a 
daily  allowance  of  1  lb.  a  head;  after  being  at  sea  20  days  she 
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encounters  a  storm  in  which  5  men  are  washed  overboard,  and 
damage  sustained  that  will  cause  a  delay  of  24  days,  and  it  is 
found  that  each  man's  allowance  must  be  reduced  to  five-sevenths 
of  a  pound.     Find  the  original  number  of  the  crew. 
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DEGREE  WITH  TWO  UNKNOWN  QUANTITIES. 

176.  Suppose  we  have  an  equation  containing  two  unknown 
quantities  x  and  y,  for  example  5x—2y  =  4.  For  every  value 
which  we  please  to  ascribe  to  one  of  the  unknown  quantities  we 
can  determine  the  corresponding  value  of  the  other,  and  thus 
find  as  many  pairs  of  values  as  we  please  which  satisfy  the  given 

equation.      Thus,   for  example,  if  y  =  l   we  find  x  =  -^;  if  y  =  2 

we  find  x  =  -=:  and  so  on. 

Also,  suppose  that  there  is  another  equation  of  the  same  kind, 
as  for  example,  4aj  +  3y  =  17.  We  can  also  find  as  many  pairs  of 
values  as  we  please  which  satisfy  this  equation. 

But  suppose  we  ask  for  values  of  x  and  y  which  satisfy  both 
equations;  we  shall  find  then  that  there  is  only  one  value  of  x 
and  one  value  of  y.     For  multiply  the  first  equation  by  3;  thus, 

15a?-6y=12; 

multiply  the  second  equation  by  2 ;  thus, 

Sx  +  6y  =  34. 

Therefore,  by  addition, 

15x-6y  +  Sx+Gy=l2  +  34; 

that  is,  23a:  =  46, 

and,  05  =  2. 
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Thus  if  both  equations  are  to  be  satisfied  x  must  equal  2  ;  put 
this  value  of  x  in  either  of  the  two  given  equations;  for  example, 
in  the  second  equation ;  thus  we  obtain 

8  +  3y=17; 

therefore,  3y  =  17-8, 

and,  y  =  3. 

177.  Two  or  more  equations  which  are  to  be  satisfied  by  the 
scmie  values  of  the  unknown  quantities  are  called  simultaneous 
equations.  We  are  now  about  to  treat  of  simultaneous  equations 
involving  two  unknown  quantities  where  each  unknown  quantity 
occurs  only  in  the  first  degree,  and  the  product  of  the  unknown 
quantities  does  not  occur. 

178.  There  are  three  methods  which  are  usually  given  for 
solving  these  equations.  The  object  of  all  these  methods  is  the 
same,  namely,  to  obtain  fi:om  the  two  given  equations  which 
contain  Puoo  unknown  quantities  a  single  equation  containing  only 
one  of  the  unknown  quantities.  By  this  process  we  are  said  to 
eliminate  the  unknown  quantity  which  does  not  appear  in  the 
single  equation. 

179.  ^  First  method.  The  first  method  is  that  which  we 
adopted  in  the  example  of  Art.  176;  it  may  be  thus  described: 
multiply  the  equations  by  such  numbers  as  will  make  the  coefficient 
of  one  of  the  unknown  quamiities  the  sa/me  in  the  two  resulting 
eqvMions ;  then  by  addition  or  subtraction  we  can  form  an  equa- 
tion containing  ordy  the  other  urihnovm  quantity. 

Exampla  4a3  +  3y=22;   5a3-7y  =  6. 

If  we  wish  to  eliminate  y  we  multiply  the  first  equation  by  7, 
which  is  the  coefficient  of  y  in  the  second,  and  the  second  equation 
by  3,  which  is  the  coefficient  of  y  in  the  first  equation.  Thus  we 
obtain 

28aj  +  21y=154;    15a; -212^=18. 
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Then  by  addition, 

28a;+15aj  =  154  +  18; 

that  is,  43a;  =172, 

172 
and,  X  =  -rr-  =  4. 

Then  put  this  value  of  x  in  either  of  the  given  equations,  in 
the  first  for  example ;  thus, 

16  +  3y  =  22; 

therefore,  3y  =  6, 

and,  y  =  2. 

If  we  wish  to  solve  this  example  by  eliminating  x  we  multiply 
the  first  of  the  given  equations  by  5,  and  the  second  by  4 ;  thus, 

20a;  +  l%=110j    20a;-28y  =  24. 

Then  by  subtraction) 

20a;  +  15y-(20a;-28y)  =  110-24; 

thus,  43y  =  86, 

and,  y  =  2. 

180.  Second  method,  Express  one  of  the  unknown  quamiUies 
in  terms  of  the  other  from  either  equation,  and  substitute  this  value 
in  the  other  equation. 

Thus,   taking  the   same   example,   we   have  from   the  first 

equation 

4aj  =  22-3y; 

,  22 -3v 

divide  by  4,  x  =  — ^-^ ; 

substitute  this  value  of  x  in  the  second  equation  and  we  obtain 

multiply  by  4,  5  (22  -  3y)  -  28y  =  24 ; 

that  is,  lJ0-15y-28y-=24; 
by  transposition,  43y  =  86, 

and,  y  =  2. 
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Then  substitute  this  value  of  y  in  either  of  the  given  equations 
and  we  shall  obtain  a;  =  4. 

Or  thus;  from  the  first  equation  we  have 

3y  =  22-4a:; 

A'  'A    X.    n                             22-4aj 
divide  by  ^,  y  = ^ —  ; 

substitute  this  value  of  y  in  the  second  equation  and  we  obtain 


3 

multiply  by  3, 

15a:- 7  (22 -4a;)  =  18; 

that  is, 

15a?- 154  + 28a;  =18; 

that  is, 

43a;  =  172, 

and, 

ap=4. 

Then  substitute  this  value  of  x  in  either  of  the  given  equa- 
tions and  we  shall  obtain  y  =  2. 

181.  Third  method.  Express  the  same  unknovm  quantity  in 
terms  of  the  other  from  each  equation  a/nd  equais  the  expressions 
thus  obtained. 

Thus,   taking   the   same   example,    from  the    first   equation 

22  -  3y         ,  .        ,,  ,  ,.  6  +  7y 

X  =  — J— ^ ,  and  from  the  second  equation  x  =  — ^-^  ; 


thus, 


22  -  3y  ^  6  +  7y  , 
4       ""      5      ^ 


clear  of  fractions,  5  (22  -  3y)  =  4  (6  +  7f/)  ; 
that  is,  110  -  15y  =  24  +  28^^ ; 

by  transposition,  43y  =  86, 

and,  ys=2. 

Hence,  as  before,  we  deduce  a;  =  4. 
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22  —  4aj 

Or  thus ;    from  the   first  equation  we   obtain  y  =  — ^ , 

o 

and  £jx)ni  the  second  equation  y  =  — = — ;  thus, 

22-4a;_5aj-6 

Hence  as  before  we  shall  obtain  a?  =  4  and  then  deduce  y  =  2. 


EXAMPLES   OP   SIMULTANEOUS   SIMPLE   EQUATIONS   WITH   TWO 

UNKNOWN   QUANTITIES. 

J  1.     3a;-2y  =  l,  3y-4a;=l, 

2.     a;  +  y=:15,  x  —  y=T. 

J      3.     3ic- 52^  =  13,  2a; +  7y=  81. 

V      5.    ^+1  =  9,  j  +  ^  =  7. 

7.     2a;+3y  =  43,  10a:-y  =  7. 

a     5a;- 7y=  33,  lla;+12y=100. 

^    ^-     2^'3""^'  3'*'i""^* 

10.     16a;+17y  =  500,  17a;-3y  =  110. 

2a;     5y     3a5     y 

12.  ±3-1^^=2,     --^=-j. 

i  T 
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13.  ix  +  St/=2'i,  10-2a;-6y  =  3-48. 

14.  13aj+lly  =  4a,  12aj-6y  =  a. 


J       15.    —  +  -  =  1, 

X     y 


16.    *  +  f=l, 
a     0 


-  +  —  =  1. 
X     y 

3a      66     3  • 


17.    x  =  iy, 


l(2a:  +  7y)-l  =  |(2a;-6y  +  l). 


18.  x^li3x-y-l)  =  \-^l{y-l),  g(4t«  +  32/)  =  ^  +  2. 

19.  ax+by  =  Cy  mx-ny  =  d. 


J       20.    ^^^^J-^ 


x-^y     X     y 
^~"T^=2^3- 


91        ??_i^   _f  _^_iL 

^'     10     15     9  "12     18' 


2«^-^t  =  f2-fi^^^- 


;      oo      4aj-3y-7_3a:     2y     5 
\J      ^^'  5  10     15      6* 

y-1     a?     3y     i_y-^.?,2 
"T"     2"20"  15       6      10* 

23.  5a: +  7y  =  43,  11a: +  9^=69. 

24.  8aj-21y=33,   ^       6aj  +  35y=177. 


^ 


25. 


26. 


27. 


38, 


2«      vL^^o.^      ft    ^2/  .    1 

_«4  +  ^  +  a:  =  8-^+^, 


?'-?+2 
6     2 


7i  -  2aj  +  6. 

0 


3y-7aj=4,  2y  +  5a;  =  22. 

21i/  +  20a:  =  1Q5,  77y-  30aj  «595. 

lla:-10y  =  14,  5a:  +  72/  =  41. 
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XIT.  SIMULTANEOUS  EQUATIONS  OF  THE  FIRST 
DEGREE  WITH  MORE  THAN  TWO  UNKNOWN 
QUANTITIES. 

182.  If  there  be  three  simple  equations  and  three  unknown 
quantities,  deduce  from  two  of  the  equations  an  equation  con- 
taining only  two  of  the  unknown  quantities  by  the  rules  of  the 
preceding  chapter;  then  deduce  from  the  third  equation  and 
either  of  the  former  two,  another  equation  containing  the  same 
two  unknown  quantities;  and  from  the  two  equations  thus  ob- 
tained the  unknown  quantities  which  they  involve  may  be  found. 
The  third  quantity  may  be  found  by  substituting  the  above 
values  in  any  of  the  proposed  equations. 

Example,  suppose, 

2aj+3y  +  4«  =  16  (1), 

3x  +  22/-5z  =  & (2), 

5ic  — 6y  +  3«=  6  (3). 

For  convenience  of  reference  the  equations  are  numbered  (1), 
(2),  and  (3),  and  this  numbering  is  continued  as  we  proceed  with 
the  solution. 

Multiply  (1)  by  3,  and  (2)  by  2 ;  thus, 

6aj+9y  +  12«  =  48, 

6a?  +  4y-10«=16; 
by  subtraction, 

5j/  +  22z  =  S2 (4). 

Multiply  (1)  by  5,  and  (3)  by  (2) ;  thus, 

10a?  +  15y  +  20«  =  80, 

10aj-12y+6«   =12; 
by  subtraction, 

27y+14«=68 (5). 
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Multiply  (4)  by  27,  and  (5)  by  5 ;  thus, 

1357/ +  5Uz  =  86i, 

135y+   70z=3^0; 
by  subtraction,  524:Z  =  524, 

therefore,  «=1. 

Substitute  the  value  of  z  in  (4)  ;   thus, 

5y  +  22  =  32j 
therefore,  y  =  2. 

Substitute  the  values  of  y  and  «  in  (1) ;   thus, 

2a;  +  6  +  4  =  16; 
therefore,  a?  =  3, 

The  same  method  may  be  applied  to  any  number  of  simple 
equations. 


EXAMPLES   OP   SIMULTANEOUS   EQUATIONS   OF  THE   FIRST   DEGREE 
WITH   MORE  THACf  TWO   UNKNOWN  QUANTITIES. 

1.  3a;+2y-4«  =  15,  5x^dy  +  2z=28,  3y  +  iz-x=2L 

2.  x  +  y  —  z^\^     8iB+3y-6«  =  l,     3«  — 4aj  — y  =  l. 
o      1      1     1      1      1      o      1      1      3 

3.      -+-=1,      -+-  =  2,      -4--=Tr. 

X     y  X     z  y     z      2 

4.  4ic-3y  +  2;»  =  9,     2a;  +  5y-3«=4,     5a;  +  6y- 2«=  18. 

5.  2aj-   4y+   9«  =  28, 
705+   3y-  5«  =  3, 
9a;  +  10i/-ll«  =  4. 

6.  aj-2y  +  3«=6, 
2aj+3y-4«=20, 
3aj-2y  +  5«  =  26. 
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7.  4a:-3y  +  2«  =  40, 
5a?+9y-7«  =  47, 

9a?  +  8y-3«  =  97. 

8.  3a;+2y+   «  =  23, 
5x  +  2y  +  4:z  =  46, 

10a?  +  5y  +  4«=75. 

9.  5a;-6y  +  4«=15, 
7a:  +  4y-3«=19, 
2a;  +   y  +  6«  =  46. 

-^213        32.114 

10.     -  +  -  =  -, =2,     -  +  -  =  -. 

X     y     z       z     y  X     z      3 


3y-l  _6z     X     ^ 

11.  -^--5-2  +  1^^ 

5x     4:Z  5 

3aj  +  1      «       1  _  2«     y 
"~7         i4'^6"2r'*"3" 

12.  7a;-3y  =  l,       4:Z-7y=l, 
ll«-7w  =  l,     19a;-3w  =  l. 

13.  3t*-2y  =  2,         2a;  +  3y  =  39, 
5iB  -  7«  =  11,       4y  +  3«  =  41, 

14.  2a;-3y  +  2«=13,       42^-2a:  =  30, 

4y  +  2«=14,      5y+3u^32. 

15.  7w~13«=:87,       3w+14a:  =  57, 
102^-  3aj=ll,       2ic-ll«  =  50. 

16.  7a:-2«+3M=  17, 
4y-2«+  <  =  11, 
%-3aj-2t*=8, 
4y-3M+2«  =  9, 

3«4-8m=  33. 


EXAMPLES  OF  SIMULTANEOUS  EQUATIONS,      CHAPTER  XIL     97 
.  17.     3a?-4y  +  3«+3t?-6w  =  ll, 

10y-3;2;+3w-2v  =  2, 

«  5z  +  ^u-k-2v-'2x=3y 

6w-3t7  +  4a;-2y  =  6. 

18.  ?  +  |=i,    5  +  !  =  i,    ?'+f=L 

a     0  a     c  be 

19.  ay  +  bx  =  c,        cas +  ««  =  &,         bz+cj/  =  a. 

20.  -+-  =  1,      ^+iZf  =  o,       a:  +  y  +  «  =  2c. 
z     y      '      y       X 

21.  aj  +  y  +  «  =  0, 

(6  +  c)a;+  (c  + a)  y +  («  +  &)«=  0, 
ftca;  +  cay  +  a6«  =  1. 

22.  ax  +  by  •\-  cz  =  Ay 

a^x-¥Vy-^c*z  =  A^y 
a^x  +  b^y-hc^z  =  A\ 

23.  ocyz  =  a(;yz  —  zx  —  ocy)  =  b  (zx  —  xy  —  yz)  =  c  {xy  —  yz -- zx), 

24.  aj  +  y  +  «  =  a  +  6  +  c, 

bx  +  cy  +  az  =  cx-^ay  +  bz  =  a*  +  b*  +  c\ 


XIII.  PROBLEMS  WHICH  LEAD  TO  SIMPLE  EQUA- 
TIONS WITH  MORE  THAN  ONE  UNKNOWN 
QUANTITY. 

183.  We  shall  now  give  some  examples  of  problems  which 
lead  to  simple  equations  with  more  than  one  unknown  quantity. 

A  and  B  engage  in  play ;  in  the  first  game  A  wins  as  much 
as  he  had  and  four  shillings  more,  and  finds  he  has  twice  as  much 
as  ^ ;  in  the  second  game  £  wins  half  as  much  as  he  had  at  fii'st 

T.A.  7 
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and  one  shilling  more,  and  then  it  appears  he  has  three  times 
as  much  as  ^ ;  what  sum  had  each  at  £rst  9 

Let  X  be  the  number  of  shillings  which  A  had,  and  y  the 
number  of  shillings  which  B  had;  then  after  the  first  game  A 
has  2fl?  +  4  and  B  has  y  —  x  —  4:.     Thus  by  the  question 

2aj  +  4  =  2  (y  -  a?  -  4)  =  2y  -  2aj  -  8 ; 

therefore,  2y  —  4aj  =  1 2 ; 

therefore,  y  —  2x=6. 

Also  after  the  second  game  A  has  2a;  +  4  -  ~  —  1,  and  B  has 
y  —  a?  —  4  +  ^  +  1.     Thus  by  the  question, 

y_a,_4  +  |+l  =  3(2a!+4-?-l)  =  6«  +  12-^-3; 

ju  ^  2 

therefore,         2y  -  2aj  -  8  +y  +  2  =  12aj  +  24-  3y-  6 ; 
therefore,  6y  - 1 4a5  =  24, 

and,  Sy-7a?  =  12. 

And  from  the  former  equation, 

3y-6aj=18j 
hence  by  subtraction^  x  =  Q  ; 

therefore,  y=18. 

184.  A  sum  of  money  was  divided  equally  among  a  certain 
number  of  persons ;  had  there  been  three  more,  each  would  have 
received  one  shilling  less,  and  had  there  been  two  fewer,  each 
would  have  received  one  shilling  more  than  he  did ;  required  the 
number  of  persons,  and  what  each  received. 

Let  X  denote  the  number  of  persons,  y  the  number  of  shillings 
which  each  received.  Then  xy  is  the  sum  divided ;  thus  by  the 
questioui 

(aj  +  3)(y-l)  =  ay, 

and  also,  {x  —  2)  (y  + 1)  =  xy. 
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The  first  equation  gives  ^'^TT'^  "^-^ 


The  second  equation  gives 

a:^-^2y  +  a5  —  2  =  a^; 
thus,  x-^y^^t. 

By  addition,      — -     3y-a;  +  aj-2y  =  5; 
that  is,  y  =  5. 

Hence,  a;  =  2y  +  2  =  12. 

y  185.  ^hat  fraction  is  that  which  becomes  equal  to  J  wheu 
its  numerator  is  increased  by  6,  and  equal  to  \  when  its  denom- 
inator is  diminished  by  2 1 

Let  X  denote  the  numerator  and  y  the  denominator  of  the 
fraction  j  then  by  the  question. 


aj+6 

y 

3 

X 

1 

Clear  the  first  equation  of  fractions  by  multiplying  by  iy  ] 
thus, 

4(a;  +  6)=3y; 

therefore^  3y  —  4a;  =  24. 

Clear  the  second  equation  of  fractions  by  multiplying  by 
2(y-2);  thus, 

2x^y-^2y 

therefore,  y  —  2a;  =  2, 

and,  32^- 6a;  =  6. 

7—2 
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By  subtraction, 

Zy^iX"  (3y  -  6a;)  =  24  -  6 ; 

that  is,  2x=  18, 

and,  a;  =  9. 

Hence,  y  =  2  +  2x  =  20. 

9 
Thus  the  required  fraction  is  ^jrr. 


EXAMPLES   OF   PROBLEMS. 

1.  A  certain  fraction  becomes  1  when  3  is  added  to  its  nu- 
merator, and  ^  when  2  is  added  to  its  denominator.  What  fraction 
is  it? 

2.  A  and  B  together  possess  £570.  If  -4's  money  were  three 
times  what  it  really  is,  and  ^'s  five  times  what  it  really  is,  the 
sum  would  be  £2350.     What  is  the  money  of  each  ? 

3.  If  the  numerator  of  a  certain  firaiction  is  increased  by  one 
its  value  becomes  one-third ;  if  the  denominator  is  increased  by 
one  its  value  becomes  one-fourth.     What  is  the  fraction  ? 

4r.  Find  two  numbers  STich  that  if  the  first  be  added  to  four 
times  the  second,  the  sum  is  29 ;  and  if  the  second  be  added  to 
six  times  the  first  the  sum  is  36. 

5.  If  -4's  money  were  increased  by  36*.  he  would  have  three 
times  as  much  as  By  but  if  jB's  money  were  diminished  by  5s.  he 
would  have  half  as  much  as  A,     Find  the  sum  possessed  by  each. 

6.  A  and  B  lay  a  wager  of  lOs.  j  if  -4  loses  he  will  have  twenty- 
five  shillings  less  than  twice  as  much  as  B  will  then  have;  but 
if  B  loses  he  will  have  five-seventeenths  of  what  A  will  then  have ; 
how  much  money  does  each  of  them  have  1 

7.  Find  two  numbers,  such  that  twice  the  first  plus  the 
second  is  equal  to  17,  and  twice  the  second  plus  the  first  is 
equal  to  19. 


«    •  •   • 

•  •*  •••  ,»,  •   • 

•  ••^    .  • 
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8.  Find  two  numbers,  such  that  one-half  the  first  and  three- 
fourths  of  the  second  together  may  be  equal  to  the  difference  of 
three  times  the  first  and  the  second,  and  this  difference  equal  to  11. 

9.  A  certain  number  of  persons  were  divided  into  three 
classes,  such  that  the  majority  of  the  first  and  second  together 
over  the  third  was  10  less  than  four  times  the  majority  of  the 
second  and  third  together  over  the  first ;  but  if  the  first  had  30 
more,  and  the  second  and  third  together  29  less,  the  first  would 
have  outnumbered  the  last  two  by  one.  Find  the  number  in  each 
class  when  the  whole  number  was  34  more  than  eight  times  the 
majority  of  the  third  over  the  second. 

10.  Determine  three  numbers  such  that  their  sum  is  9;  the 
yj    sum  of  the  first,  twice  the  second,  and  three  times  the  third,  22 ; 

and  the  sum  of  the  first,  four  times  the  second,  and  nine  times  the 
third,  58. 

11.  A  pound  of  tea  and  three  pounds  of  sugar  cost  six  shil- 
lings, but  if  sugar  were  to  rise  50* per  cent,  and  tea  10  per  cent, 
they  would  cost  seven  shillings.  Find  the  price  of  tea  and 
sugar. 

12.  A  person  has  £2550  to  invest.  The  three  per  cent,  con- 
sols are  at  81,  and  certain  guaranteed  railway  shares  which  pay 
a  half-yearly  dividend  of  10s.  on  each  original  share  of  £2b  are  at 
£24.  Find  how  many  shares  he  must  buy  that  he  may  obtain 
the  same  income  from  the  railway  shares  as  from  the  rest  of  his 
money  invested  in  the  consols. 

13.  A  person  possesses  a  certain  capital  which  is  invested  at 
a  certain  rate  per  cent.  A  second  person  has  £1000  more  capital 
than  the  first  person  and  invests  it  at  one  per  cent,  more;  thus 
his  income  exceeds  that  of  the  first  person  by  £80.  A  third 
person  has  £1500  more  capital  than  the  first  and  invests  it  at  two 
per  cent,  more;  thus  his  income  exceeds  that  of  the  first  person 
by  £150.  Find  the  capital  of  each  person  and  the  rate  at  which 
it  is  invested* 
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14.  A  railway  train  after  travelling  for  one  hour  meets  with 
an  accident  which  delays  it  one  hour,  after  which  it  proceeds  at 
three-fifths  of  its  former  rate^  and  arrives  at  the  terminus  three 
hours  behind  time ;  had  the  accident  occurred  50  miles  further  on, 
the  train  would  have  arrived  1  hour  20  minutes  sooner.  , Required 
the  length  of  the  line. 

15.  Two  plugs  are  opened  in  the  bottom  of  a  cistern  con- 
taining 192  gallons  of  water;  after  three  hours  one  of  them 
becomes  stopped,  and  the  cistern  is  emptied  by  the  other  in 
eleven  hours ;  had  six  hours  occurred  before  the  stoppage,  it  would 
have  required  only  six  hours  more  to  empty  the  cistern.  How 
many  gallons  will  each  plug  hole  discharge  in  an  hour,  supposing 
the  discharge  uniform  1 

16.  A  person  after  paying  a  poor-rate  and  also  the  income- 
tax  of  Td,  in  the  pound,  has  X486  remaining;  the  poor-rate 
amounts  to  £22.  10^.  more  than  the  income-tax;  find  the 
original  income  and  the  number  of  pence  per  pound  in  the 
poor-rate. 

17.  A  farmer  would  spend  all  his  money  by  buying  4  oxen 
and  32  lambs ;  instead  of  doing  this  he  bought  the  same  number 
of  oxen  and  half  as  many  lambs,  and  had  a  surplus  of  <£9  after 
paying  for  them  and  for  their  conveyance  by  railway  at  an  average 
cost  of  six  shillings  per  head.  Each  ox  cost  as  many  pounds  as 
its  carriage  by  railway  was  shillings,  and  the  lambs  altogether  cost 
three  times  as  many  pounds  as  the  carriage  of  each  was  shillings. 
How  much  money  had  he  to  begin  with? 

18.  Ay  B,  and  G  sit  down  to  play,  every  one  with  a  certain 
number  of  shillings.  A  loses  to  B  and  0  as  many  shillings  as 
each  of  them  has.  Next  B  loses  to  A  and  C  as  many  as  each  of 
them  now  has.  Lastly  G  loses  to  A  and  B  as  many  as  each  of 
them  now  has.  After  all  every  one  of  them  has  sixteen  shillings. 
How  much  had  each  originally  ? 

19.  A  and  B  play  at  bowls,  and  A  bets  B  three  shillings  to 
two  upon  every  game;  after  a  certain  number  of  games  it  appears 
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that  A  has  won  three  shillings ;  but  if  A  had  bet  five  shillings 
to  two  and  lost  one  game  more  out  of  the  same  number,  he 
would  have  lost  thii'tv  shillings.  How  many  games  did  they 
play] 

/        20.     Five  persons,  -4,  JB,  G,  D,  E  play  at  cards ;  after  A  has 
•    won  half  of  ^'s  money,  B  one-third  of  C's,  C  one-fourth  of  D's, 

D  one-sixth  of  J^'s,  they  have  each  £1.  10*.     Find  how  much 

each  had  to  begin  with. 

21.  If  there  were  no  accidents  it  would  take  half  as  long  to 
travel  the  distance  from  A  to  B  by  railroad  as  by  coach;  but 
three  hours  being  allowed  for  accidental  stoppages  by  the  former, 
the  coach  will  travel  the  distance  all  but  fifteen  miles  in  the 
same  time ;  if  the  distance  were  two-thirds  as  great  as  it  is,  and 
the  same  time  allowed  for  railway  stoppages,  the  coach  would 
take  exactly  the  same  time ;  required  the  distance. 

22.  A  and  B  are  set  to  a  piece  of  work  which  they  can 
finish  in  thirty  days  working  together,  and  for  which  they  are 
to  receive  £7.  10«.  When  the  work  is  half  finished  A  intermits 
working  eight  days  and  B  four  days,  in  consequence  of  which  the 
work  occupies  ^yq  and  a  half  days  more  than  it  would  otherwise 
have  done.     How  much  ought  A  and  B  respectively  to  receive  1 

23.  A  and  B  run  a  mile.  First  A  gives  B  a  start  of  44 
yards  and  beats  him  by  51  seconds;  at  the  second  heat  A  gives 
B  a  start  of  1  minute  15  seconds,  and  is  beaten  by  88  yards. 
Find  the  times  in  which  A  and  B  can  run  a  mile  separately. 

24.  A  and  B  start  together  front  the  foot  of  a  mountain  to 
go  to  the  summit.  A  would  reach  the  summit  half  an  hour 
before  B,  but  missing  his  way  goes  a  mile  and  back  again  need- 
lessly, during  which  he  walks  at  twice  his  former  pace,  and  reaches 
the  top  six  minutes  before  B,  0  starts  twenty  minutes  after 
A  and  B  and  walking  at  the  rate  of  two  and  one-seventh  miles  per 
hour,  arrives  at  the  summit  ten  minutes  after  B.  Find  the  rates 
of  walking  of  A  and  B,  and  the  distance  from  the  foot  to  the 
summit  of  the  mountain. 
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25.  A  offers  to  run  three  times  round  a  coTirse  while  B  runs 
twice  round,  but  he  only  gets  150  yards  of  his  third  round 
finished  when  B  wins.  He  then  offers  to  run  four  times  round 
for  JTs  thrice,  and  now  quickens  his  pace  in  the  ratio  of  4  to  3. 
B  also  quickens  his  in  the  ratio  of  9  to  8,  but  in  the  second  round 
fiills  off  to  his  original  pace  in  the  first  race,  and  in  the  third 
round  only  goes  9  yards  for  10  he  went  in  the  first  race,  and 
accordingly  this  time  A  wins  by  180  yards.  Determine  the  length 
of  the  course. 

2Q,  A  pedestrian  starts  p  hours  before  a  coach,  and  both 
travel  uniformly;  the  latter  passes  the  former  after  a  certain 
number  of  hours.  From  this  point  the  coach  increases  its  speed 
in  the  ratio  of  6  to  5,  while  the  man  increases  his  in  the  ratio  of 
5  to  4,  and  they  continue  at  these  increased  rates  for  q  hours 
longer  than  it  took  the  coach  to  overtake  the  man.  They  are  then 
92  miles  apart;  but  had  they  continued  for  the  same  length 
of  time  at  their  original  rates  they  would  have  been  only  80 
miles  apart.  Shew  that  the  original  rates  are  as  2  to  1.  Also  if 
^  +  5^  =  16,  shew  that  the  original  rate  of  the  coach  was  10  miles 
per  hour,  and  that  of  the  man  5  miles  per  hour. 

27.  Two  persons  A  and  B  could  finish  a  work  in  m  days; 
they  worked  together  n  days  when  A  was  called  off  and  B  finished 
it  in  p  days.     In  what  time  could  each  do  it? 

28.  A  railway  train  running  from  London  to  Cambridge 
meets  on  the  way  with  an  accident,  which  causes  it  to  diminish 

its  speed  to  -th  of  what  it  was  before,  and  it  is  in  consequence 

a  hours  late.  If  the  accident  had  happened  h  miles  nearer  Cam- 
bridge, the  train  would  have  been  c  hours  late.  Find  the  rate  of 
the  train  before  the  accident  occurred. 

29.  The  fore-wheel  of  a  carriage  makes  six  revolutions  more 
than  the  hind-wheel  in  going  120  yards;  if  the  circumference  of 
the  fore-wheel  be  increased  by  one-fourth  of  its  present  size,  and 
the  circumference  of  the  hind-wheel  by  one-fifbh  of  its  present 
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size,  the  six  will  be  changed  to  four.     Required  the  circumference 
of  each  wheel. 

V  30.  There  ia  a  number  consisting  of  two  digits ;  the  number 
is  equal  to  three  times  the  sum  of  its  digits,  and  if  it  be  multiplied 
by  three,  the  result  will  be  equal  to  the  square  of  the  sum  of  its 
digits.     Find  the  number. 

\t        31.     A  certain  number  of  two  digits  contains  the  sum  of  its 
digits  four  times  and  their  product  twice.     What  is  the  number'? 

32.  A  person  proposes  to  travel  from  A  to  B,  either  direct 
by  coach,  or  by  rail  to  (7,  and  thence  by  another  train  to  B,  The 
trains  travel  three  times  as  fast  as  the  coach,  and  should  there  be 
no  delay,  the  person  starting  at  the  same  hour  could  get  to  B 
20  minutes  earlier  by  coach  than  by  train.  But  should  the  train 
be  late  at  C,  he  would  have  to  wait  there  for  a  train  as  long  as 
it  would  take  to  travel  from  C  to  B,  and  his  journey  would  in 
that  case  take  twice  as  long  as  by  coach.  Should  the  coach  how- 
ever be  delayed  an  hour  on  the  way,  and  the  train  be  in  time  at 
(7,  he  would  get  by  rail  to  B  and  half  way  back  to  (7,  while  he 
would  be  going  by  coach  to  B.  The  length  of  the  whole  circuit 
ABC  A  is  76|  miles.    Kequired  the  rate  at  which  the  coach  travels. 


XrV.     DISCUSSION  OF  SOME  PROBLEMS  WHICH 
LEAD  TO  SIMPLE  EQUATIONS. 

186.  We  propose  how  to  solve  some  problems  which  lead  to 
Simple  Equations,  and  to  examine  certain  peculiarities  which 
present  themselves  in  the  solutions.  We  begin  with  the  following 
problem :  What  number  must  be  added  to  a  number  a  in  order 
that  the  sum  may  be  6?     Let  x  denote  this  number;  then, 

a  +  x^b; 
therefore,  x  =  b-a. 
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This  formula  gives  the  value  of  x  correspondiDg  to  any  as- 
signed values  of  a  and  b.  Thus,  for  example,  if  a  =  12  and 
6  =  25,  we  have  «  =  25 -12  =  1 3.  But  suppose  that  a  =  30  and 
b  =  2i;  then  aj  =  24  — 30  =  — 6,  and  we  naturally  ask  what  is 
the  meaning  of  this  negative  result?  If  we  recur  to  the  enun- 
ciation of  the  problem  we  see  that  it  now  reads  thus :  What 
number  must  be  added  to  30  in  order  that  the  sum  may  be  24? 
It  is  thus  obvious,  that  if  the  word  added  and  the  word  sum  ai'e 
to  retain  their  arithmetical  meanings,  the  proposed  problem  is 
impossible.  But  we  see  at  the  same  time  that  the  following 
problem  can  be  solved :  What  number  must  be  taken  from  30 
in  order  that  the  difference  may  be  241  and  6  is  the  answer  to 
this  question.  And  the  second  enunciation  differs  from  the  first 
in  these  respects;  the  words  added  to  are  replaced  by  tdken  from, 
and  the  word  sum  by  difference, 

187.  Thus  we  may  say  that,  in  this  example,  the  ne^oitive 
result  indicates  that  the  problem  in  a  strictly  Arithmetical  sense 
is  impossible;  but  that  a  new  problem  can  be  formed  by  appro- 
priate changes  in  the  original  enunciation  to  which  the  absolute 
value  of  the  negative  result  will  be  the  correct  answer. 

188.  This  indicates  the  convenience  of  using  the  word  add 
in  Algebra  in  a  more  extensive  sense  than  it  has  in  Arithmetic. 
Let  X  denote  a  quantity  which  is  to  be  added  algebraically  to  a; 
then  the  Algebraical  sum  is  a  +  cc,  whether  x  itself  be  positive  or 
negative.  Thus  the  equation  a +  03  =6  will  be  possible  algebrai- 
cally whether  a  be  greater  or  less  than  b.  We  proceed  to  another 
problem. 

189.  -4's  age  is  a  years,  and  ^'s  age  is  h  years;  when  will  A 
be  twice  as  old  as  j5  ?  Supposed  the  required  epoch  to  be  a?  years 
from  the  present  time;  then  by  the  question, 

a  +  a;  =  2(6  +  a;); 

hence,  x  =  a—2b. 

Thus,  for  example,  if  a  =40  and  6=15,  then  a?  =10.  But 
suppose  a  =35  and  6  =  20,  then  a?  =  —  5;   here,  as  in  the  pre- 
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ceding  problem,  we  are  led  to  inquire  into  the  meaning  of  the 
negative  result.  Now  with  the  assigned  values  of  a  and  b  the 
equation  which  we  have  to  solve  becomes 

35  +  a;  =  40  +  2a?, 

and  it  is  obvious  that  if  a  strictly  arithmetical  meaning  is  to  be 
given  to  the  symbols  x  and  +,  this  equation  is  impossible,  for  40  is 
greater  than  35,  and  2x  is  greater  than  x,  so  that  the  two  members 
cannot  be  equal.  But  let  us  change  the  enunciation  to  the  fol- 
lowing: -4's  age  is  35  years,  and  JB'a  age  is  20  years,  when  was  A 
twice  as  old  as  i?]  Let  the  required  epoch  be  x  years  from  the 
present  time,  then  by  the  question, 

35-aj=2(20-a;)  =  40-2a;; 
thus,  x=i5. 

Here  again  we  may  say  the  negative  result  indicates  that  the 
problem  in  a  strictly  Arithmetical  sense  is  impossible,  but  that  a 
new  problem  can  be  formed  by  appropriate  changes  in  the  original 
enunciation,  to  which  the  ahsolv/te  value  of  the  negative  result 
will  be  the  correct  answer. 

We  may  observe  that  the  equation  corresponding  to  the  new 
enunciation  may  be  obtained  from  the  original  equation  by  chang- 
ing x  into  —  a?, 

190.  Suppose  that  the  problem  had  been  originally  enun- 
ciated thus :  -4's  age  is  a  years,  and  -5's  age  is  h  years ;  find  the 
epoch  at  which  -4's  age  is  twice  that  of  B,  These  words  do  not 
intimate  whether  the  required  epoch  is  before  or  after  the  present 
date.  If  we  suppose  it  after  we  obtain,  as  in  Art.  189,  for  the 
required  number  of  years  x  =  a  —  2b.  If  we  suppose  the  required 
epoch  to  be  ac  years  be/ore  the  present  date  we  obtain  ac  =  26  —  a. 
If  26  is  less  than  a,  the  first  supposition  is  correct,  and  leads  to 
an  arithmetical  value  for  a; ;  the  second  supposition  is  incorrect, 
and  leads  to  a  negative  value  for  x.  If  26  is  greater  than  a,  the 
second  supposition  is  correct^  and  leads  to  an  arithmetical  value 
for  x;  the  first  supposition  is  incorrect  and  leads  to  a  negative 
value  for  x.  Here  we  may  say  then  that  a  negative  result  indi- 
cates that  we  made  the  wrong  choice  out  of  two  possible  supposi- 
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tions  which  the  problem  allowed.  But  it  is  important  to  notice, 
that  when  we  discover  that  we  have  made  the  wrong  choice,  it  is 
not  necessary  to  go  through  the  whole  investigcUion  again,  for  we 
can  make  use  of  the  result  obtained  on  the  wrong  supposition. 
We  have  only  to  take  the  absolute  value  of  the  negative  result 
and  place  the  epoch  he/ore  the  present  date  if  we  had  supposed 
it  after,  and  after  the  present  date  if  we  had  supposed  it  before. 

191.  One  other  case  may  be  noticed.  Suppose  the  enuncia- 
tion to  be  like  that  in  the  latter  part  of  Art.  189;  -4's  age  is  a 
years,  and  B^s  age  is  b  years,  when  was  A  twice  as  old  as  B1 
Let  X  denote  the  required  number  of  years;  then. 

a  -  05  =  2(6  -  x\ 

hence,  05  =  26  — a. 

Now  let  us  verify  this  solution.  Put  this  value  for  x;  then  . 
a  — 05  becomes  a— (26  — a),  that  is,  2a —  26;  and  2(6  — a?)  becomes 
2(6  — 26  + a),  that  is,  2a— 26.  If  b  is  less  than  a,  these  results 
are  positive,  and  there  is  no  Arithmetical  difficulty.  But  if  6  is 
greater  than  a,  although  the  two  members  are  algebraically  equal, 
yet  since  they  are  both  negative  quantities,  we  cannot  say  that  we 
have  arithmetically  verified  the  solution.  And  when  we  recur 
to  the  problem  we  see  that  it  is  impo^ible  if  a  is  less  than  6; 
because  if  at  a  given  date  ^'s  age  is  less  than  ^*s,  then  ^'s  age 
never  was  twice  -5*s  and  never  will  be.  Or  without  proceeding  to 
verify  the  result,  we  may  observe  that  if  6  is  greater  than  a,  then 
X  is  also  greater  than  a,  which  is  inadmissible.  Thus  it  appeal's 
that  a  problem  may  be  really  absurd,  and  yet  the  result  may  not 
immediately  present  any  diflSculty,  though  when  we  proceed  to 
examine  or  verify  this  result  we  may  discover  an  intimation  of  the 
absurdity. 

192.  The  equation  a  +  05  =  2(6  +  fl5)  may  be  considered  as  the 
symbolical  expression  of  the  following  verbal  enunciation.  Sup- 
pose a  and  6  to  be  two  quantities,  what  quantity  must  be  added 
to  each  so  that  the  first  sum  may  be  twice  the  second?  Here  the 
words  quantity,  sum,  and  added  may  all  be  understood  in  Alge- 
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braical  senses,  so  that  x,  a,  and  b  may  be  positive  or  negative. 
This  Algebraical  statement  includes  among  its  admissible  senses 
the  Arithmetical  question  about  the  ages  of  A  and  £,  It  appears 
then  that  when  we  translate  a  problem  into  an  equation,  the  same 
equation  maf/  he  the  symbolical  expression  of  a  more  comprehen- 
sive problem  than  that  from  which  it  was  obtained. 

"We  will  now  examine  another  problem. 

193.     A  and  £  travel  in  the  same  dii*ection  at  the  rate  of  a 

and  h  miles  respectively  per  hour.     A  arrives  at  a  certain  place  P 

at  a  certain  time,  and  at  the  end  of  n  hours  from  that  time  JB 

arrives  at  a  certain  place  Q.     Find  when  A  and  B  meet. 
p Q R 

Let  c  denote  the  distance  PQ;  suppose  A  and  B  to  travel  in 
the  direction  from  F  towards  Qy  and  to  meet  at  JR  at  the  end  of  x 
hours  from  the  time  when  A  was  at  P;  then  since  A  travels  at  the 
rate  of  a  miles  per  hour,  the  distance  FJR  is  ax  miles.  Also  B 
goes  over  the  distance  QR  in  oj  — t^  hours,  so  that  QR  is  6(a5  — w) 
miles.     And  FB  is  equal  to  the  sum  of  FQ  and  QB;  thus, 

ax  =  c  -\-  h  {x  —  n)  =  c  +  hx  —  hn; 

therefore,  x  = j- . 

a  —  o 

We  shall  noW  examine  this  result  on  different  suppositions  as 
to  the  values  of  the  given  quantities, 

I.  Suppose  a  greater  than  5,  and  c  greater  than  hn;  then  the 
value  of  X  is  positive,  and  the  travellers  unll  meet,  as  we  have 
supposed,  ajler  A  arrives  at  F,  For  when  A  is  at  P,  the  space 
which  B  has  to  travel  before  he  reaches  Q  iabn  miles,  and  since  bn 
is  less  than  c,  it  follows  that  when  ul  is  at  P  he  is  behind  B; 
and  A  ti'avels  more  rapidly  than  B,  since  a  is  greater  than  b. 
Hence  A  must  at  the  end  of  some  time  overtake  B, 

The  distance  FB=ax=: ^(^"^^    Thus, 

a  —  o 

^       a(c-bn)       ^a{c  —  bn)  —  c{a  —  b)  __cb-ahn  ^hic  —  an) 
""     a-b  a  —  b  a  —  b  d  —  b 


110  DISCUSSION  OF  SOME  PBOBLEMS 

Now  if  c  be  greater  than  an,  this  expression  is  a  positive  quantity, 
so  that  R  &lls,  as  we  have  supposed,  beyond  Q;  we  see  that  this 
must  be  the  case,  for  since  c  is  greater  than  an,  it  will  take  A 
more  than^  n  hours  to  go  from  P  to  Q^  so  that  he  cannot  overtake 
M  until  after  passing  Q.  If,  however,  c  be  less  than  an,  the  ex* 
pression  for  QB  is  a  negative  quantity,  and  this  leads  us  to  sup- 
pose that  some  modification  is  required  in  our  view  of  the  problem. 
In  &ct  A  now  takes  less  than  n  hours  to  go  from  P  to  Q,  so  that 
he  will  overtake  B  h^ore  arriving  at  Q,  Hence  the  figure  should 
now  stand  thus : 

p R Q 

And  now,  since  PR  =  PQ  —  RQ,  the  equation  for  determining 
X  would  naturally  be  written 

aiXs=c  —  h{n^x)  =  e  —  bn  +  bx, 

This,  however,  we  see  is  really  the  same  equation  as  before. 

Again,  if  c  be  equal  to  an  the  value  of  RQ  is  zero.  Thus 
R  now  coincides  with  Q;  and 

c  "bn     an  —  bn 

x  = r=     — ir  =  ^ 

a— 6        a  —  o 

Hence  A  and  B  meet  at  Q&t  the  end  of  n  hours  after  A  was 
at  P. 

II.  Next  suppose  that  a  is  greater  than  b,  and  c  less  than 
bn.  The  value  of  x  is  now  negative,  and  we  may  conjecture 
from  what  we  have  hitherto  observed  respecting  negative  quanti- 

ties  that  A  and  B  instead  of  meeting  .-  hours  after  A  waa 

a  —  o 
i^ ^ 

at  P,  will  now  really  have  met j-  hours  be/ore  A  was  at  P. 

And  in  fact,  since  c  is  less  than  bn  it  follows  that  B  was  behind  A 
when  A  was  at  P,  so  that  A  must  have  passed  B  before  arriving 
at  P.  Hence  the  correct  sdlution  of  the  problem  would  now  be 
as  follows. 

R  p  0 
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Suppose  that  A  and  B  meet  x  hours  before  A  arrives  at  P;  let 
R  be  the  point  where  they  meet.  Then  RP  =  aa;,  and  RQ  =  6  (a; + w). 
A]soRP^RQ-FQ',  thus, 

flKB  =  6  (a?  +  w)  -  c ; 
hn  —  c 


therefore,  x  = 


a  — 6 


III.  Next  suppose  that  a  is  less  than  5,  and  o  greater  than 

hn.     In  this  case  also  the  expression  originally  obtained  for  x  is 

negative^  and  we  shall  accordingly  find  that  A  and  B  met  6e^e 

-4  was  at  P.     For  ^  now  travels  more  rapidly  than  A,  and  is 

be/ore  A  when  -4  is  at  P ;  so  that  B  must  have  passed  A  before  A 

waa  at  P.     The  result  now  is,  as  in  the  second  case,  that  A  and  B 

^  c  —  hn ,  ,   -       ,  ^ 

met  — hours  before  A  was  at  P, 

o  —  a 

IV.  Lastly,  suppose  a  less  than  6,  and  c  less  than  hn.     Here 
the  expression  originally  obtained  for  ac  is  a  positive  quantity,  for 

it  may  be  written  thus,    ,   "    .     Now  B  travels  more  rapidly 

than  -4  and  is  behind  A  when  -4  is  at  P;  thus  B  must  at  some 
time  overtake  A.  If  we  suppose  -4  and  jB  to  meet  after  -4  is  at  $, 
the  figure  will  stand  thus : 

Here  we  should  naturally  write  the  equation  thus, 

aai:=:c  +  b(x-'n)  =  C'^bX"bn. 

If  we  suppose  A  and  B  to  meet  before  A  is  at  C,  the  figure 
will  stand  thus : 

P  B  Q 


Here  we  should  naturally  write  the  equation  thus, 

ax=e-^b{n'^x)=zC'-bn  +  bx. 
In  the  two  cases  we  have,  however,  really  the  same  equation, 

and  we  obtain  aj  =  -r . 

o—a 
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194.  The  preceding  problem  may  be  variously  modified;  for 
iustauce,  instead  of  supposing  that  A  and  JB  travel  in  the  same 
direction^  we  may  suppose  that  A  travels  as  before^  but  that  B 
travels  in  the  opposite  direction.  In  this  case,  if  we  suppose,  as 
before,  that  A  and  B  meet  x  hours  after  A  anived  at  P,  we  shall 

find  that  x  = j-  •     Thus  the  time  of  meeting  will  necessarily 

be  ajler  A  leaves  P,  and  the  travellers  meet  at  some  point  to  the 
right  of  F.  The  student  should  notice  that  the  value  of  x  in  the 
present  case  coincides  with  the  result  obtained  by  writing  —  b  for 
b  in  the  original  value  of  a;  in  Art.  193. 

195.  Or  instead  of  supposing  that  the  arrival  of  jB  at  § 
occurs  n  hours  after  the  arrival  of  A  at  P,  we  may  suppose  it  to 
occur  n  hours  before;  and  we  suppose  A  and  B  to  travel  in  the 
same  direction.      In  this  case  if  x  have  the  same  meaning  as 

C  *4*  bfh 

before,  we  shall  find  that  x= v-.     This  is  a  positive  quantity 

if  a  is  greater  than  6,  and  the  travellers  then  really  meet  after  the 
arrival  of  A  at  P.  If,  however,  a  is  less  than  b,  the  value  of  x  is 
a  negative  quantity;   this  suggests  that  the  travellers  now  meet 

hours  be/ore  the  arrival  of  A  at  P,  and  on  examination  this 

o  —  a 

will  be  found  correct.    The  student  should  notice  that  the  value  of 

X  in  the  present  case  coincides  with  the  result  obtained  by  writing 

—  71  for  71  in  the  original  value  of  x  in  Art.  193. 

196.  Again,  let  us  suppose  that  ^  and  P  travel  in  opposite 
directions,  and  that  the  arrival  of  -4  at  P  occurs  n  hours  before 
that  of  P  at  Q  -J  and  suppose  the  positions  of  P  and  Q  in  the 
former  figures  to  be  interchanged,  so  that  now  A  reaches  Q  before 
he  reaches  P,  and  B  reaches  P  before  he  reaches  Q.     If  x  have 

the  same  meaning  as  before,  we  i.'jSLiVil'VF  find  that  «  =  — ^. 

a  +  6 

If  then  bn  is  greater  than  c,  th.;  ,.*ij»ot  9  is  a  positive  quantity, 

and  the  travellers  meet,  as  we  ha    .  supposed,  ajler  the  arrival  of 

A  at  P.     If  however  bn  is  less  than  c,  the  value  of  a;  is  a  negative 
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quantity,  and  it  will  be  found  that  the  travellers  meet  

a  +  6 

hours  before  the  arrival  of  A  at  P.  The  student  should  notice 
that  the  value  of  x  in  the  present  case  coincides  with  the  result 
obtained  by  writing  -c  for  c  in  the  value  of  x  in  Art  194  ; 
it  also  coincides  with  the  result  obtained  by  writing  —  h  for  6,  and 
-c  for  c  in  the  original  value  of  a;  in  Art.  193. 

197.  From  a  consideration  of  the  problems  discussed  in  the 
present  chapter,  and  of  similar  problems,  the  student  will  acquire 
confidence  and  accuracy  in  dealing  with  negative  quantities.  "We 
will  lay  down  some  general  principles  which  have  been  illustrated 
in  the  preceding  articles,  and  the  truth  of  which  the  student  will 
find  confirmed  as  he  advances  in  the  subject. 

(1)  A  negative  result  may  arise  from  the  fact  that  the 
enunciation  of  a  problem  involves  a  condition  which  cannot  be 
satisfied ;  in  this  case  we  may  attribute  to  the  unknown  quantity 
a  qucdity  directly  opposite  to  that  which  had  been  attributed  to  it, 
and  may  thus  form  a  possible  problem  analogous  to  that  which 
involved  the  impossibility. 

(2)  A  negative  result  may  arise  from  the  fact  that  a  wrong 
supposition  respecting  the  qv/dity  of  some  quantity  was  made 
when  the  problem  was  translated  from  words  into  Algebraical 
symbols;  in  this  case  we  may  correct  our  supposition  by  attri- 
buting the  opposite  quality  to  such  quantity,  and  thus  obtain 
a  positive  result. 

(3)  "When  we  wish  to  alter  the  suppositions  we  have  made 
respecting  the  qvMity  of  the  known  or  unknown  quantities  of  a 
problem,  and  to  attribute  an  opposite  quality  to  them,  it  is  not 
necessary  to  form  a  new  equation ;  it  is  sufficient  to  change  in  the 
old  equation  the  sign  of  the  symbol  representing  each  quantity 
which  is  to  have  its  quality  changed. 

198.  We  do  not  assert  that  the  above  general  principles  have 
been  demonstrated;  they  have  been  suggested  by  observation  of 

T.  A.  8 
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particular  examples,  and  are  left  to  the  student  to  be  verified  in 
the  same  manner.  Thus  when  a  negative  result  occurs  in  the 
solution  of  a  problem  the  student  should  endeavour  to  interpret 
that  result,  and  these  general  principles  will  serve  to  guide  hinu 
When  a  problem  leads  to  a  negative  result^  and  he  wishes  to  form 
an  analogous  problem  that  shall  lead  to  the  corresponding  positive 
result,  he  may  proceed  thus :  change  x  into  —  a;  in  the  equation 
that  has  been  obtained,  and  then,  if  possible,  modify  the  verbal 
statement  of  the  problem,  so  as  to  make  it  coincident  with  the 
new  equation.  "We  say,  if  possible^  because  in  some  cases  no  such 
verbal  modification  seems  attainable,  and  the  problem  may  then 
be  regarded  as  altogether  impossible. 

199.  We  will  now  leave  the  consideration  of  negative  quan- 
tities, and  examine  two  other  singularities  that  may  occur  in 
results. 

In  Art  193  we  found  this  result,  x  = r-     Suppose  that 

a  — 6  ^^ 

a^h,  then  the  denominator  in  the  value  of  a;  is  zero;  thus,  denot- 
ing  the  numerator  by  N^  we  have  »  =  77  >  and  we  may  ask  what  is 

the  meaning  of  this  result?  Since  A  and  -5  now  travel  with 
equal  speed,  they  must  always  preserve  the  same  distance ;  so  that 
they  never  meet.  But  instead  of  supposing  that  a  is  exactly 
equal  to  6,  let  us  suppose  that  a  is  very  nearly  equal  to  6 ;  then 

7  may  be  a  very  large  quantity,  since  if  a  —  6  is  very  small 

compared  with  iT,  it  will  be  contained  a  large  number  of  times  in 

N;  and  the  smaller  a- 6  is,  the  larger  will be.     This  is 

a  —  o 

iV  .     . 
abbreviated  into  the  phrase  "  ^  is  infinite,"  and  it  is   written 

thus,  ■rr  =  QO.     But  the  student  must  remember  that  the  phrase 

is  onli/  an  ahbreviaition^  and  no  absolute  meaning  can  be  attached 

to  it. 
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200.  The  student  should  examiae  every  problem,  the  result 

of  which  appears  under  the  form  -^ ,  and  endeavour  to  interpret 

that  result.  He  may  expect  to  find  in  such  a  case  that  the  pro- 
blem is  impossible,  but  that  by  suitable  modifications  a  new 
problem  can  be  formed  which  has  a^  very  great  nwmber  for  its 
result,  and  that  this  result  becomes  greater  the  more  closely  the 
new  problem  approaches  to  the  old  problem. 

201.  Again,  let  us  suppose  that  in  Art.  193  we  have  a  =  h, 

and  also  c  =  6w;  then  the  value  of  x  takes  the  form  ^.      On 

examining  the  problem  we  see  that,  in  consequence  of  the  sup- 
positions just  made,  A  and  B  are  together  at  P,  and  are  travelling 
with  equal  speed,  so  that  they  are  always  together.  The  question, 
when  are  A  and  B  together,  is  in  this  case  said  to  be  indeterminate^ 
since  it  does  not  admit  of  a  single  answer,  or  of  a  finite  number  of 
answers. 

202.  The  student  should  also  examine  every  problem  in 

which  the  result  appears  under  the  form  ^,  and  endeavour  to 

interpret  that  result.  In  some  cases  he  will  find,  as  in  the  ex- 
ample considered  above,  that  the  problem  is  not  restricted  to  a 
finite  number  of  solutions,  but  admits  of  as  many  as  he  pleases. 
We  do  not  assert  here,  or  in  Art.  200,  that  the  interpretation  of 

iT         0      . 
the  singularities  jr  and  tt  will  always  coincide  with  those  given 

in  the  simple  cases  we  have  considered ;  the  student  must  there- 
fore consider  separately  each  distinct  class  of  examples  that  may 
occur. 


8—2 
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1.  Simplify  the  expression 

3a-[6  +  {2a-(6-e)}]  +  J  +  -^^. 

2.  Reduce  to  its  lowest  tenns  the  expression 

6a;*  +  10a?°  +  2a;'-20a;-28 
3x»+14aj»+22aj  +  21       ' 

x  —  d     x  —  h,  ct 

3.  Find  the  value  of  -^ when  a; =- — ^ . 

0  a  <*  —  o 

1  1  1 

4.  Simplify  ^— j^ ^^3^^  +  ^J^_,^^p_^)  +  (o-a)(c-6) ' 

5.  Shew  that   ^(«_j)(„_d) +„-(j_c)(c-d)  "^3^ 

when  «*  =  1,  or  2. 

6.  Keduce  to  its  simplest  form  ; rri — n n^ — i ;t* 

^  (a  -  6)"^+  (6  -  c)*  +  (c  -  a/ 

7.  H  xt/  +  yz  +  zx=l,  shew  that 

0?  y  5;  4a;y3; 


8.  Solve  the  simultaneous  equations 

x+r/-\-z  =  a  +  b  +  Cy 

hx  +  cj/  +  az  =  ex  -\-  ay  -{-hz  =  ab  -\-  he  +  ca, 

9.  Find  the  least  common  multiple  of 

iB*  +  6a;*  +  llo;  +  6,  a'  +  7a;"  + 1 4a;  +  8, 

a;'  +  8a;»+19a;+12,  and  3;*+ 9a;»  + 26a;  +  24. 
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XV.     ANOMALOUS  FORMS  WHICH  OCCUR  IN  THE 
SOLUTION  OF  SIMPLE  EQUATIONS. 

203.  We  hare  in  the  preceding  chapter  referred  to  the  forms 

NO. 

■rr  and  jr  which  may  occur  in  the  solution  of  an  equation  of  the 

first  degree.  We  shall  now  examine  the  meaning  of  these  forms 
when  they  occur  in  the  solution  of  sinvuUomeoua  eqtuUions  of  the 
first  degree.    We  will  first  recall  the  results  already  obtained. 

204.  Every  equation  of  the  first  degree  with  one  unknown 
quantity  may  be  reduced  to  the  form  ax  ^  h.     Now  from  this  we 

obtain  a;  =  - .     If  a  «  0  the  value  of  x  takes  the  form  -^ ;   in  this 

case  no  finite  value  of  x  can  satisfy  the  equation,  for  whatever 
finite  value  be  assigned  to  x,  since  ax==0^  we  have  0  =  5,  which  is 

impossible.     If  a  =  0  and  6  =  0,  the  value  of  x  takes  the  form  ^ ; 

in  this  case  every  finite  value  of  x  may  be  said  to  satisfy  the 
equation,  since  whatever  finite  value  be  given  to  a;  we  have  0=0. 
If  5  =  0  and  a  is  not  =0,  then  of  course  a?  =  Oj  this  case  caUs 
for  no  remark. 

205.  Suppose  now  we  have  two  equations  with  two  unknown 
quantities;    let  them  be 

ax-{-hy  =  e  and  ax-k-Vy  =  c\ 

We*  will  first  make*  a  remark  on  the  notation  we  have  here 
adopted.  We  use  certain  letters  to  denote  Uie  known  quantities 
ia  the  first  equation,  and  then  we  use  corresponding  letters  with 
accents  to  denote  corresponding  quantities  in  the  second  equation; 
here  a  and  >a  have  no  necessary  connexion  as  to  value,  although 
they  have  this  common  pointy  namely,  that  each  is  a  coefficient 
of  Xf  one  in  the  first  equation  and  the  other  in  the  second  equa- 
tion.    Experience  will  establish  the  advantage  of  this  notation. 

Instead  of  accents  subscript  numbers  are  sometimes'  used; 
thus  a^  and  a^  might  be  used  instead  of  a  and  a'  respectively. 
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By  solving  the  given  equations  we  obtain 

__  Vc  —  he  ac  —  dc 

I.    Suppose  that  5  a  -  &a'  =  0 ;  then  the  values  of  x  and  y  take 

A         B 
the  forms  ^  and  -rr ;  we  should  therefore  recur  to  the  given  equa- 
tions to  discover  the  meaning  of  these  results.     From  the  relation 

Ot      h 
I)  a  —  ha  =-0  we  obtain  —  =  ^  =  A;   suppose ;     thus   a'  =  ka  and 

h'  =  kb.     By  substituting  these  values  of  a'  and  h'  we  find  that  the 
second  of  the  given  equations  may  be  written  thus : 

kttx  +  khy  =  c', 


c 


whence,  aa?  +  6y  =  7- . 

/c 

.   e'         . 
Now  i^  7  he  different  from  e,  the  last  equation  is  inconsistent 

with  the  first  of  the  given  equations,  because  ax-\-hy  cannot  be 
equal  to  two  different  quantities.     We  may  therefore  conclude 

A  B 

that  the  appearance  of  the  results  under  the  forms  -^  and  -r- 

indicates  that  the  given  equations  are  inconsistent,  and  therefore 
cannot  he  solved. 

II.    Next  suppose  that  6'a~6a  =0,  so  that  -  =  r  >  ^^^  ^^^ 

a     b 

that  —  =  — ,  and  therefore  of  course  =  7- .     In  this  case  the  nu- 
c      a  h 

merators  in  the  values  of  a;  and  y  become  zero  as  well  as  the 

denominators,  so  that  the  values  of  x  and  y  take  the  form  ^ . 

Now  by  what  we  have  shewn  above,  the  second  of  the  given 
equations  may  be  written 

ax  +  hy  =  -r. 

c 
But  now  -T  =  c,  so  that  the  second  given  equation  is  only  a 
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repetition  of  the  first ;  we  have  thus  really  only  one  equation 
involving  two  unknown  quantities.  "We  cannot  then  determine 
X  and  y,  because  we  can  find  as  many  values  as  we  please  which 
will  satisfy  one  equation  involving  two  unknown  quantities.  In 
fchis  case  we  say  that  the  given  equations  are  riot  independent^  and 
that  the  values  of  x  and  y  are  indeterminate. 

206.  We  have  hitherto  supposed  that  none  of  the  quantities 

a,  5,  c,  a\  h\  c   can  be  zero;  and  thus  if  the  value  of  one  of  the 

0       A 
unknown  quantities  takes  the  form  t?  or  -rr  the  value  of  the  other 

takes  the  same  form.     But  if  some  of  the  above  quantities  are 

zerO)  the  values  of  the  two  unknown  quantities  do  not  necessarily 

take  the  same  form.     For  example,  suppose  a  and  a'  to  be  zero ; 

A 
then  the  value  of  x  takes  the  form  ^  ,  and  the  value  of  y  takes 

the  form  ^ .     Now  in  this  case  the  given  equations  reduce  to 

by  =  ey    and  Vy^cf ; 

these  lead  to 

c         ,         c 
y^ly    and  y=g?. 

Thus  we  have  two  cases.     Fii-st,  if  v  is  not  equal  to  t,  the 

.    c  .  c' 

two  equations  are  inconsistent.     Secondly,  ^  A  ^  equal  to  -r?  the 

two  equations  are  equivalent  to  one  only.     In  the  second  case, 

since  the  relation  v  =-77  makes  the  numerator  of  x  also  vanish, 

6     0 

the  values  of  both  x  and  y  take  the  form  ^ ;  in  this  case  x  is  in- 
determinate but  y  is  not,  for  it  is  really  equal  to  7 . 

207.  Before  we  consider  the  peculiarities  which  may  occur  in 
the  solution  of  three  simultaneous  simple  equations  involving 
three  unknown  quantities,  we  will  indicate  another  method  of 
aolving  such  equations. 
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Let  tbe  equations  be 

Let  I  and  m  denote  two  quantities,  the  values  of  which  are  at 
present  undetermined ;  multiply  the  second  of  the  given  equations 
by  I,  and  the  third  by  w ;  then,  by  addition,  we  have 

ax  +  by  +  cz-^l  {a'x  +  5  y  +  cz)  +  m  (a'x  +  6"y  +  c'z)  =  d  +  ld'  +  md!\ 

that  is, 

a?  (a  +  ^'  +  moT)  +  y  (6  +  ^6'  +  m6")  +  «  (c  +  U  +  W)  =  J  +  Z^' + md!\ 

Now  let  such  values  be  given  to  I  and  m  as  will  make  the 
coefficients  of  y  and  z  in  the  last  equation  to  be  zero;  that  is,  let 

Thus  the  equation  reduces  to 

x(a-^  la!  +  7»a")  =  d+ld'  +  md" ; 

-                                      d-\-ld!  ■\-md!' 
therefore,  x  = j-, j, , 

We  must  now  find  the  values  of  I  and  m,  and  substitute  them 

in  this  expression  for  x^  and  then  the  value  of  x  will  be  known* 

We  have 

6  +  Z6'  +  w6"=0,         c  +  /c'  +  mc"  =  0; 

from  these  we  shall  obtain 

l  =  T-r-r. : .  W  = 


X  = 


c  —  0  o  be  —  0  c 

substitute  these  values  in  the  expression  for  x^  and  after  simplifi- 
cation we  obtain 

_  d  {Vc"  -  V'i/)  4-  ^jh^'c  -  he")  +  d"  {y  -  h'c) 
a  {b'c"  -  6  V)  +  a'  (6"c  -  b/)  +  a"  (6c'  -  b'c) ' 

By  a  similar  method  the  values  of  y  and  z  may  also  be  obtained. 

208.  The  above  method  of  solution  is  called  the  method  of 
indeterminate  mvltipliera^  because  we  make  use  of  multipliers 
which  we  do  not  determine  beforehand,  but  to  which  a  convenient 
value  is  assigned  in  the  course  of  the  investigation.  The  multi* 
pliers  are  not  finally  indeterminaie ;  they  are  merely  at  first  tin* 
determined,  and  if  it  were  possible  to  alter  established  language. 


SOLUTION  OF  SIMPLE  EQUATIONS.         121 

the  word  undetermined  miglifc  here  with  propriety  be  substituted 
for  ifideterminate, 

209.  We  now  proceed  to  our  observations  on  the  values  of 
X,  y,  and  z  which  are  obtained  from  the  equations 

<KC  +  6y  +  c«  =  6?,      ax  +  Vy  +  cz  =  cT,      a'x  +  V'y  +  c'z  =  d". 

The  value  of  x  has  been  given  in  Art.  207  ;  if  the  student 
investigates  the  value  of  y  he  will  find  that  the  denominator  of  it 
is  the  same  as  that  which  occurs  in  the  value  of  x,  or  can  be  made 
to  be  the  same  by  changing  the  sign  of  every  term  in  the  nume- 
rator and  denominator.  The  same  remark  holds  with  respect  to 
the  denominator  in  the  value  of  z, 

210.  We  may  however  obtain  the  values  of  y  and  z  from  the 
expression  foimd  for  the  value  of  x.  For  the  original  equations 
might  have  been  written  thus : 

by  +  ax  +  cz=^d,      Vy  +  a'x  +  c'z  =  (f ,       V'y  4-  a^^x  +  c"«  =  c?" ; 

W6  may  say  then  that  the  equations  in  this  form  differ  from  those 
in  the  original  form  only  in  the  following  particulars ;  x  and  y  are 
interchanged,  a  and  b  are  interchanged,  a  and  b'  are  Interchanged, 
and  a"  and  b"  are  interchanged.  We  may  therefore  deduce  the 
value  of  y  from  that  of  x  by  the  following  rule ;  for  a,  a',  and  a* 
write  6,  6',  ^^^  ^''  respectively,  and  conversely.     Thus,  from 

d {Vc  -  V'c")  +  d' (V'c -  be')  +  d"  (be' -  Vc) 


x  = 


a  (bV  -  6V)  +  a  {p"c  -  be")  +  a"  (6c  -  b'c) 

we  may  deduce  that 

_  d  ja'c"  >- « V)  +  a  {a"e  -  acQ  +  6^'  {ac'  -  a'c) 
^~b  (a'c"  -  a V)  +  6'  {<i"e  - ao")  +  b" (ac' - a'c) ' 

It  will  be  found  on  comparison  that  the  denominator  of  the 
value  of  y  is  the  same  as  that  of  the  value  of  x  with  the  sign  of 
every  term  changed. 

Similarly  by  interchanging  a,  a\  and  d'  with  c,  c^,  and  d' 
respectively,  we.  may  deduce  the  value  of  z  from  that  of  a? ;  or  by 
•  interchanging  6,  6',  and  b"  with  c,  c',  and  c^  respectively,  we  may 
deduce  the  value  of  z  from  that  of  y. 
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211.  There  is  anotHer  system  of  interchanges  hy  which  the 
values  of  y  and  z  may  be  deduced  from  that  of  x.  The  given 
equations  are 

ax  +  h/  +  cz  =  dy      a  03  +  Vy  +  cz  =  d\      a'x  +  V'y  +  c"z  =  d" ; 

they  may  also  be  written  thus^ 

hy  +  cz  +  ax=^df      Vy-^-cz-^-  ax  =  d\      h"y  +  c"z  +  a'x  =  d". 

We  may  say  then  that  the  second  form  differs  from  the  first 
only  in  the  following  particulars;  x  is  changed  into  y,  y  into  z, 
z  into  Xy  a  into  6,  h  into  c,  c  into  a,  a'  into  h\  and  so  on.  We 
may  therefore  deduce  the  value  of  y  from  that  of  x  by  this  rule ; 
change  a  into  h,  h  into  c,  c  into  a,  and  make  similar  changes  in  the 
letters  with  one  accent^  and  in  those  with  two  accents.  The 
value  of  z  znay  be  deduced  from  that  of  y  by  again  using  the 
same  rvle. 

212.  These  methods  of  deducing  the  values  of  y  and  z  from 
that  of  a;  by  interchanging  the  letters  may  perhaps  appear  difficult 
to  the  student  at  first,  but  they  deserve  careful  consideration, 
especially  that  which  is  given  in  Art.  211. 

We  shall  now  proceed  to  examine  the  peculiarities  which 
may  occur  in  the  values  of  the  unknown  quantities  deduced  from 
the  equations 

ax  +  by  +  cz  =  dy      cdx  +  h'y  +  c'z  =  cT,     al*x  +  h"y  +  c"«  =  d\ 

213.  The  most  important  case  is  that  in  which  c?,  d\  and  d** 
are  all  zero.     The  given  equations  then  become 

oaj  +  6y  +  c;2?  =  0,      dx  +  Vy  +  cz  =  0,      ax  +  h"y  +  cz  =  0. 

It  is  obvious  that  a;=0,  y  =  0,  «  =  0  satisfy  these  equations ; 
and  from  the  values  found  in  Art.  210  it  follows  that  these  are 
the  wdy  values  which  will  satisfy  the  equations  unless  the  deno- 
minator there  given  vanishes,  that  is,  unless 

If  this  relation  holds  among  the  coefficients,  the  values  found 
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for  Xj  y,  and  z  take  the  form  rr,  and  we  must  recur  to  the  given 

equations  for  further  information. 

We  observe  that  when  this  relation  holds  the  equations  are 
not  independent ;  from  any  two  of  them  the  third  can  be  deduced. 
For  multiply  the  first  of  the  given  equations  by  6V  —  6 V,  the 
second  by  6c''  -  V'c^  and  the  third  by  Vc  -  hcfj  and  then  add  the 
results.  It  will  be  found  that  by  virtue  of  the  given  relation  we 
arrive  at  the  identity  0  =  0;  thus,  in  fact,  if  the  first  equation  be 
multiplied  by  6V—  Vc\  and  the  second  by  he  —Vc^  and  the  two 
added,  the  result  is  equivalent  to  the  third  equation,  for  it  may  be 
obtained  by  multiplying  that  equation  by  he  —  6  c. 

Suppose  then  that  this  I'elation  holds;  we  may  confine  our- 
selves to  the  first  two  of  the  given  equations,  for  values  of  x-^  y, 
and  z  which  satisfy  these  will  necessarily  satisfy  the  third  equa- 
tion.    Divide  these  equations  by  x,  thus 


hy     cz           ^ 
— +  —  +a=0, 

X         X 

y     cd  —  ca 

^'2'+^'%a'  =  0; 

X         X 

z     ah'  -  a'h 

x'hc'-Vc' 

x~  he  —  Vc  ' 

hence 

We  may  therefore  ascribe  <my  value  we  please  to  x,  and  deduce 
corresponding  values  of  y  and  z.  Or  we  may  put  our  result  more 
symmetrically  thus ;  let  p  denote  any  quantity  whatever,  then 
the  given  equations  will  be  satisfied  by 

x^p  (pJ  -  6'c),      y  =p  {ca  —  c'a)j      z=p  {ah'  -  a'h). 

We  might  in  the  same  way  have  used  the  second  and  third  of 
the  given  equations,  and  have  omitted  the  first ;  we  should  thus 
have  deduced  solutions  of  the  form 

x  =  q  {Vc"  —  6^c'),      y  =  q  {ca' — e'a'),      z  =  q  {ah"  —  a"h% 

where  q  is  any  quantity.  These  values  however  are  substantially 
equivalent  to  the  former;  for  it  will  be  found  that  by  virtue  of 
the  supposed  relation  among  the  coefficients, 

j»(6c'— 6'c)    __  p{ca'-'Ca)    __  p  {ah'  — a'h) 
q  (6 V  -  6  V)  "  q  {ca"  -  c^a')  ~  q  {aT  -  ah)  ' 
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214,  We  ahall  now  consider  the  peculiarities  which  may  occur 
when  d,  d\  and  d"  are  not  all  zero. 

We  shall  first  shew  that  if  the  value  of  any  one  of  the  un- 

known  quantities  takes  the  form  -^^  the  given   equations  ar^ 

inconsistent.     Suppose,  for  instance,  that  the  value  of  x  takes  this 
orm,  that  is,  suppose  that 

is  zero.  Of  course  if  the  given  equations  were  consistent,  any 
equation  legitimately  deduced  from  them  would  also  be  true. 
Now  multiply  the  first  of  the  given  equations  by  6V  —  6V',  the 
second  by  be'  —  Ve,  and  the  third  by  Vc  —  he  and  add.  It  will  be 
found  that  the  coefficients  of  y  and  z  in  the  resulting  equation 
vanish ;  and  the  coefficient  of  a;  is  zero  by  supposition.  Thus  the 
first  member  of  the  resulting  equation  vanishes,  but  the  second 
member  does  not;  hence  the  resulting  equation  is  impossible^  and 
therefore  those  from  which  it  was  obtained  cannot  have  been  con- 
sistent, 

215.  We  cannot  however  affirm  certainly,  that  if  the  value  of 

one  of  the  unknown  quantities  takes  the  form  ^ ,  the  equations  are 

consistent,  but  not  independent.  For  it  is  possible  that  the  value 
of  one  of  the  unknown  quantities  should  take  this  form,  while 

tliat  of  another  takes  the  form  — ;  and,  as  we  have  shewn  in  the 

preceding  article,  the  occurrence  of  the  form  —  is  an  indication 

that  the  given  equations  are  inconsistent.  For  example,  suppose 
the  equations  to  be 

ax-^by  +  cz=d,      a'x-\-hy  +  GZ  =  d\      a'x+h2/  +  cz  =  d''» 
Here  it  will  be  found  that  the  values  of  y  and  z  take  the  form 

y  0 

-^  ,  and  that  of  x  takes  the  form  ^  • 
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Moreoyer,  if  the  values  of  aU  the  unknown  quantities  take 

the  form  jr ,  we  cannot  affirm  certainly  that  the  given  equations 

are  consistent,  but  not  independent.     For  example,  suppose  the 
equations  to  be  - 

cix-hby+cz  =  dy     ax  +  hy  +  ezszdi',     (ix  +  hy  +  ez=d"; 
here  it  will  be  found  that  the  values  of  all  the  unknown  quan- 
tities take  the  form  ^^  >  but  the  equations  themselves  are  obviously 
inconsistent^  unless  dy  d\  and  d*'  are  all  equal. 

216.  We  may  shew  that  if  the  numerators  in  the  values  of 
Xy  y^  and  z,  all  vanish,  the  denominator  will  also  vanish,  assuming 
that  d,  d'  and  d''  are  not  all  zero. 

For  supposing  these  numerators  to  vanish  we  have 
c^(6V -  I'd')  +  d'i}>c" --V'c)^d"{Vc-lc')  =  0, 
d  {dW  -  c'a")  +  d'  [ca"  -  c"a)  +  d"  (c'a  -  ca')  =  0, 

Let  us  denote  these  relations  for  shortness  thus, 

Ad-^Bd'-^Gd^^O,    A'd+Sd'^Cd^^O,    M'd^B'i ^O'^' ^^, 

By  Art.  213,  since  d^  d'  and  d"  are  not  all  zero  the  following 
relation  must  also  hold, 

It  will  be  found  that 

J5'(r'-^'(r=a{a(6V'-rc')  +  rt'(rc-6c'')+a"(6c'-6'c)}; 

and  B'C-BG"  and  BG'-B'C  may  be  similarly  expressed,  so  that 
finally  the  relation  becomes 

This  establishes  the  required  result. 

217.  If  we  adopt  the  method  of  indeterminate  mvltipliers 
given  in  Art.  207,  it  may  happen  that  the  equations  for  finding 
I  and  m  are  inconsistent;  we  will  examine  this  case.  Suppose 
then  5V  —  b'c"  =^  0,  so  that  these  equations  are  inconsistent  (Art. 
205).     In  this  case  the  value  of  x  may  be  obtained  from  the 
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second  and  third  of  the  given  equations,  without  using  the  first. 
For  multiply  the  second  of  the  given  equations  by  c",  and  the 
third  by  c,  and  subtract;  thus  the  coefficients  of  y  and  z  vanish, 
and  we  have  an  equation  for  determining  x.  For  example,  sup- 
pose the  equations  to  be 

4«  +  2jf  +  3«=19,     a+y+42=:9,      «  +  2y  +  8«=15. 

Here  the  value  of  x  may  be  found  from  the  second  and  third 
equations;  we  shall  obtain  x  —  Z]  substitute  this  value  of  a?  in 
the  three  given  equations;  from  the  first  we  have  2^/  +  3z=^  7,  and 
from  the  second  or  third  y  +  4«=  6;  hence  y  =  2  and  z=  1. 

Again,  the  values  of  I  and  m  may  take  the  form  jr ,  so  that 

the  equations  for  finding  them  are  not  independent;  we  will 
examine  this  case.  Here  we  have  b"c  —  6V'  =  0,  he"  —  ft"c  =  0,  and 
1/c  —  bc^O'y  these  suppositions  are  equivalent  to  the  two  relations 

-=-and-r=  — .     Suppose   then    that   V-pb.    and  therefore 

c=pc,  and  that  6"  =  $'6,  and  therefore  c"  =  qc.  Thus  the  given 
equations  are 

aa;  +  6y  +  c«  =  <?,       iix + pby  +  pcz  =  d\       a^x  +  qhy  +  qcz = d'\ 

and  they  may  be  written  thus, 

,  -     a        -  a       €b        -  d" 

ax  +  oy-hcz  =  df    — a?  +  w  +  c«  =  — ,     —x-\-oy  +  cz=  — . 

P  P       9  9 

Here  x  may  be  found  from  any  two  of  the  equations;  if  we  do 
not  obtain  the  same  value  from  each  pair,  the  given  equations  are 
of  course  inconsistent;  if  we  do  obtain  the  same  value  for  a;,  then 
the  given  equations  are  not  independent;  and  in  fact  we  shall  in 
the  latter  case  have  only  one  equation  for  finding  hy  +  cz,  so  that 
the  values  of  y  and  z  are  indeterminate.  For  example,  suppose 
the  given  equations  to  be 

a;+2y+3«=10,       3a:  +  4y +  6«=23,      a;  +  6y+9«  =  24. 

From  any  two  of  these  equations  we  can  find  x  =  3;  then 
substituting  this  value  of  a;  in  any  one  of  the  three  equations  we 
obtain  2y  +  3«  =  7,  and  thus  y  and  z  are  indeierminaie.  If,  how- 
ever, the  right-hand  member  of  one  of  the  given  equations  be 
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altered,  we  shall  not  obtain  the  same  value  of  x  from  each  pair  of 
the  equations,  and  thus  the  given  equations  will  be  inconsistent. 

218.  In  the  preceding  articles  we  have  supposed  the  given 
equations  to  be  solved,  and  from  the  peculiar  forms  of  the  solu- 
tions have  drawn  inferences  as  to  the  nature  of  the  given  equa- 
tions. We  will  now  take  one  e:^ample  of  investigating  a  relation 
between  the  equations  without  solving  them.  Suppose,  as  before, 
that  the  equations  are 

and  let  us  find  the  relations  which  must  exist  among  the  known 
quantities,  in  order  that  the  third  equation  may  be  deducible  from 
the  other  two  by  multiplication  by  suitable  quantities  and  addition. 
Suppose  then  that  by  multiplying  the  first  equation  by  X,  and  the 
second  by  /a,  and  adding,  we  obtain  a  result  which  is  coincident 
with  the  third  equation.     Thus, 

{Xa  +  fta')  a?  +  (X6  +  //!/)  y  +  (Xc  +  fic')z  =  kd-h/id' 
is  equivalent  to  a'x  +  ft'y  +  c'z  =  d'^; 

that  is,  we  suppose  that 

Xa  +  fxa      a         X6  +  ft6'     V       \c  +  /tc'      c" 


Xd^^'     d'''     Xd  +  fxd'     d"'      Xd  +  ijud'     d'' 
From  the  last  three  equations  we  deduce 

X     ad—  cud  X     H  d'  —  h'd*'       X     d  d  —cd 

fi      ad'^  —  a'd '      /a      hd"  —  Vd        fi      cd''  —  c'd 

Hence  in  order  that  the  third  equation  may  be  deducible  from 
tlie  other  two  in  the  manner  proposed,  we  must  have  the  follow- 
ing relations  among  the  known  quantities, 

a''d'  -  a'd''  _  Vd'  ~  Vd" ^  c'd' -  cd" 
ad"— ad  ~  bd^  —  b^d       cd"  —c"d 

It  is  easy  to  shew  that  if  these  relations  hold,  the  values  of 

X,  y,  and  z  take  the  form  '^ .     For  by  multiplying  up  we  obtain 

results  which  shew  that  the  numerators  in  the  values  of  x,  y, 
and  z  vanish;  and  then  by  Art.  216  the  denominator  will  also 
vanish. 
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1.  Reduce  ^.  j:2a;.rT6a:'- lla:-12  ^^  ^^  simplest  fonn. 

2.  Shew  that 

{a+b-\-c)  (a'  +  6'  +  c"  +  a6c)  -  (aft  +  &c  +  ca)  (a*  +  6*  +  c*)  =  a*  +  6*  +  c\ 

relation  between  ^  and  x, 

4.  Solve  the  simultaneous  equations 

a;  +  y  +  «  =  0,       ofic  +  6y  +  c«  =  0, 

6ca;  +  cai/  +  ahz  +  (a—  ft)  (6  —  c)  {c  —  d)  =  0. 

Ill  1 

5.  If  -  +  r  +  -  = r J  she'w  that 

aoca+o+c 

6.  A  person  leaves  £12670  to  be  divided  among  his  five 
children  and  three  brothers,  so  that  after  the  legacy  duty  has  been 
paid,  each  child's  share  shall  be  twice  as  great  as  each  brother's. 
The  legacy  duty  on  a  child's  share  being  one  per  cent,  and  on  a 
brother's  share  three  per  cent.,  find  what  amounts  they  respectively 
receive. 

7.  Solve  the  equation 

12  3  6 


a?  +  6a     x—'da     x  +  2a     x-^a' 

8.     If  a;  be  a  quantity  such  that 

(a;-a)'+(a;-6/  +  (a3-c)'+ =  a'  +  6'  +  c'+ 

shew  that  the  sum  of  the  products  of  every  two  of  the  quantities 

x—a,  x  —  b,  x  —  c, will  be  equal  to  the  sum  of  the  products 

of  every  two  of  the  quantities  a,  6,  c, 
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219.  If  a  quantity  be  continually  multiplied  by  itself,  it  is 
said  to  be  involved  or  raised,  and  the  power  to  which  it  is  raised 
is  expressed  by  the  number  of  times  the  quantity  has  been  em- 
ployed in  the  multiplication.     The  operation  is  called  InvoliUion, 

Thus  as  we  have  stated  (Art.  16),  axa  or  a'  is  called  the 
second  power  of  a;  axaxa  or  a'  is  called  the  third  power 
of  a;  and  so  on. 

220.  If  the  quantity  to  be  involved  have  a  negative  sign 
prefixed,  the  sign  of  the  even  powers  will  be  positive,  and  the 
sign  of  the  odd  powers  negative. 

For,    —ax  —  a=sa',       — ax— ax  —  a=a'x-a  =  —  o', 

—  ax''ax''ax—a  =  —  a^x—a  =  d^, 
and  so  on. 

221.  A  simple  quantity  is  raised  to  any  power  by  multiply- 
ing the  index  of  every  factor  in  the  quantity  by  the  exponent  of 
that  power,  and  prefixing  the  proper  sign  determined  by  the  pre- 
ceding article. 

Thus  oT  raised  to  the  n^  power  is  a"";  for  if  we  form  the 
product  of  n  factors,  each  of  which  is  a"*,  the  result  by  the  rule  of 
multiplication  is  a"**.  Also  {aby  =  ab  xabxab.,.  to  n  factors, 
that  is,  axaxa.,,  to  n  factors  xb  xbxb.,.  to  n  factors,  that 
is,  a*  xb*.  Similarly,  aVc  raised  to  the  fifth  power  is  a^%^V, 
Also  —a*  raised  to  the  n^  power  is  ±a"~,  where  the  positive  or 
negative  sign  is  to  be  prefixed  according  as  n  is  an  even  or  odd 
number.  Or  as  —  a"  =  -  1  x  a",  the  n^  power  of  -  a"*  may  be 
written  thus  (-  1)"  x  a""  or  (-  l)"a"^. 

222.  If  the  quantity  which  is  to  be  involved  be  a  fraction, 
both  its  numerator  and  denominator  must  be  imsed  to  the  pro- 
posed power.     (Art.  142.) 

T.  A.  9 
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223.  If  the  quantity  which,  is  to  be  involved  be  conipound, 
the  involution  may  either  be  repi-esented  by  the  proper  index,  or 
may  actually  be  performed. 

Let  a  +  6  be  the  quantify  which  is  to  be  raised  to  any 
power, 

a  +  b  a»+2a6+6"  a' +  3a*6  +  3a^>*  +  6» 

a+h  a+b  a+b 


a'  +  a6  a'  +  2a'b  +  a6»  a*  +  3a'b  +  3aV  +  ah^ 

+  a5  +  6'  +  a'b  -\-2ah'+V  +  a^b  +  Sa'b' +  Zah'' +  b^ 


a'  +  2ab  +  6*        a"  +  3a'b  +  3a6»  +  6^        a*  +  4a»6  +  Qa'b'  +  4a6*  +  6* 

Thus  the  square  or  second  power  of  a  +  6  is  a'  +  2ah  +  6',  the 
cube  or  third  power  of  a  +  b  is  a'  +  3a'6  +  3o6*  +  6*,  the  fourth 
power  of  a  +  6  is  a*  +  4a'6  +  WV  +  4a6'  +  6*,  and  so  on. 

Similarly,  the  second,  third,  and  fourth  powers  of  a  —  6  will 
be  found  to  be  respectively  a*  —  2a6  +  V,  of  —  3a*6  +  3a6'  —  6®,  and 
a*  —  4a*6  +  6a'6*  —  4a6'  +6*;  that  is,  wherever  an  odd  power  of  b 
occurs,  the  negative  sign  is  prefixed. 

We  shall  hereafter  give  a  theorem,  called  a  Binomial  Theo- 
rem, which  will  enable  us  to  obtain  any  power  of  a  binomial  ex- 
pression without  the  labour  of  actual  multiplication. 

224.  It  is  obvious  that  the  wth  power  of  a"  is  the  same  as  the 
ff^  power  of  a",  for  each  is  a"**j  and  thus  we  may  arrive  at  the 
same  result  by  different  processes  of  involution.  We  may,  for 
example,  find  the  sixth  power  of  a  +  6  by  repeated  multiplication 
by  a  4-  6 ;  or  we  may  first  find  the  cube  of  a  +  6,  and  then  the 
square  of  this  result,  since  the  square  of  (a  +  Vf  is  (a  +  6)";  or  we 
may  first  find  the  square  of  a  +  ft  and  then  the  cube  of  this  result, 
since  the  cube  of  (a  +  6)'  is  (a  +  6/. 

225.  It  may  be  shewn  by  actual  multiplication  that 
(a  +  ft  +  c)'  =  o*  +  6'  +  c'  +  2aft  +  26c  +  2ac, 

(a  f  ft  +  c  +  rf)'  =  a'  +  ft'  +  c"  +  fl?'  +  2ah  +  2a<5  +  2ad + 2ft<j  +  2ftc?  +  2cd, 

The  following  rule  may  be  observed  to  hold  good  in  the  above 
and  similar  examples ;   the  square  of  a/ay  mtdtinomicU  consists  of 
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the  aqua/re  of  each  term,  together  tmth  twice  the  product  of  every  pair 
of  terms. 

Another  form  may  also  be  given  to  these  results, 

(a  +  6  +  c)'  =  a*  +  2a  (6  +  c)  +  6'  +  26c  +  c', 

(a  +  6  +  c  +  df )'  =  a'  +  2a  (6  +  c  +  6?)  +  6*  +  26  (c  +  df)  +  c'  +  T^cd  +  d?. 

The  following  rule  may  be  observed  to  hold  good  in  the  above 
and  similar  examples ;  the  square  of  a  mvliinomial  consists  of  the 
square  of  each  term,  together  toith  twice  the  product  of  each  term  hy 
the  sum  of  aUthe  term^s  which  follow  it. 

These  rules  may  be  strictly  demonstrated  by  the  process  of 
mathematical  induction,  which  will  be  explained  hereafter. 

226.  The  following  are  additional  examples  in  which  we 
employ  the  first  of  the  two  rules  given  in  the  preceding  article. 

(a  -  6  +  c)*  =  a*  +  6'  +  c'  -  2a6  -  26c  +  2a<5, 

=  l-4a;-f-10iB'-12i«"  +  9aj*, 
(1 +a;+a;'  + aj')'=l+a:* +  «*  +  «• +  205  + 2a;' +  2af*+2aj'  +  2ic*+ 2a:* 

=  1  +  2a:+  3a;"  +  4a;' +  3aj*  +  2a;*  +  a;'. 

227.  The  results  given  in  Art.  65  for  the  cube  of  a +  6,  the 
cube  of  a  —  6,  and  the  cube  of  a  +  6  +  c  should  be  carefully  noticed. 
The  following  may  also  be  verified. 

(a  +  6  +  c  +  c? )'  =  a"  +  6'  +  c'  +  fl?' 

+  3a'  (6  +  c  +  c?)  +  36'  (a  +  c  +  ^)  +  3c'  (a  +  6  +  c?)  +  3c?'  (a  +  6  +  c) 

+  66cc?  +  Qacd  +  6a6c?  +  6a6c. 

EXAMPLES   OF  INVOLUTION. 

1.  Find  (1  +  2a;  +  3a?')'. 

2.  Find  {l^x  +  a^'-spy. 

3.  Find  (a  +  6-c)^ 

4     Find  (I  +  2a;  +  a;^. 

9-2 
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5.  Find  (1  -  3a;  +  3a;'  -  aJ»)". 

6.  Shew  that  ^^^, ^+ ^ ^^, Uh\ 

7.  Shew  that  (ax'  +  '2hxy  +  02^*)  (aX'  +  26X7  +  c  F») 

=  {axX  -^cyT+b  (xY+  yX)Y  +  (ac  -  6^)  (ajF-  yX)'. 

8.  Shew  that  (a"  +  jtwy  +  q^/)  (X»  +;?Xr+  5  V) 

=  {xX-^pyX  +  qy7y+p{xX-^pyX+qyY){xT-yX)+q{xT--7/Xy 

and  also 

=(a;X+jt?a;r+^yr)"+jt?(a?X+j9a;r+gryr)(yX-a;r)  +  q{xT-yX)\ 

XVII.    EYOLUTIOK 

228.  Evolution,  or  the  extraction  of  roots,  is  the  method  of 
determining  a  quantity,  which  when  raised  to  a  proposed  power 
will  produce  a  given  quantity. 

229.  Since  the  n^  power  of  a"  is  a"",  an  n^  root  of  a""  must 
be  oT;  that  is,  to  extract  any  root  of  a  simple  quantity,  we 
divide  the  index  of  that  quantity  by  the  index  of  the  root  re- 
quired. 

230.  If  the  root  to  be  extracted  be  expressed  by  an  odd  num- 
ber, the  sign  of  the  root  will  be  the  same  as  the  sign  of  the 
proposed  quantity,  as  appears  by  Art.  220.     Thus, 

y(-««)  =  -a. 

231.  If  the  root  to  be  extracted  be  expressed  by  an  even 
number,  and  the  quantity  proposed  be  positive,  the  root  may  be 
either  positive  or  negative;  because  either  a  positive  or  negative 
quantity  raised  to  an  even  power  is  positive  by  Art.  220.     Thus, 

^(a»)  =  ±  a. 

232.  If  the  root  proposed  to  be  extracted  be  expressed  by  an 
even  number  and  the  sign  of  the  proposed  quantity  be  negative, 
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the  root  cannot  be  extracted;  because  no  quantity  raised  to  an 
even  power  can  produce  a  negative  result.  Such  roots  are  called 
impossible. 

233.  A  root  of  a  fraction  may  be  found  by  taking  that  root 
of  both  the  numerator  and  denominator.     Thus^ 

234.  We  will  now  investigate  the  method  of  extracting  the 
square  root  of  a  compound  quantity. 

Since  the  square  root  of  a'  +  2ah  +  6'  is  a  +  b,  we  may  be  led 
to  a  general  rule  for  the  extraction  of  the  square  root  of  an  alge-> 
braical  expression  by  observing  in  what  manner  a  and  5  may  be 
derived  from  a*  +  2ab  +  6*. 

a'  +  2ab  -\-b^(^a  +  b 
a' 


2a  +  b)2ab-hb' 
2ah  +  b' 


Arrange  the  terms  according  to  the  dimensions  of  one  letter  a, 
then  the  first  term  is  a\  and  its  square  root  is  a,  which  is  the  first 
term  of  the  required  root.  Subtract  its  square,  that  is  a",  from 
the  whole  expression,  and  bring  down  the  remainder  2ab  +  b\ 
Divide  2ab  by  2a  and  the  quotient  is  h,  which  is  the  other  term 
of  the  required  root.  Multiply  the  sum  of  twice  the  first  term 
and  the  second  term,  that  is  2a  +  &,  by  the  second  term,  that  is 
b,  and  subtract  the  product,  that  is  2ab  +  b',  from  the  remainder. 
This  finishes  the  operation  in  the  present  case.  If  there  were 
more  terms  we  should  proceed  with  a  +  b  as  we  did  formerly 
with  a;  its  square,  that  is  a'  +  2ab  +  b%  has  already  been  sub- 
tracted from  the  proposed  expression,  so  we  should  divide  the 
remainder  by  the  double  of  a  +  b  for  a  new  term  in  the  root,  and 
then  for  a  new  subtrahend  we  should  multiply  this  term  by  the 
sum  of  twice  the  former  terms  and  this  term.  The  process  must 
be  continued  until  the  required  root  is  found. 
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235.     For  example,  required  the  square  root  of  the  expres- 
sion 4x^-1205'  + 5a:" +  605+1. 

4a;*-12a;»+5«*  +  6aj+l  (^2a;»-3a;-l 


4a"-3ajJ-12a;»  +  5iB*  +  6a;+l 
-12a;»  +  9«" 


4a;»-6a;-lJ-4a^  +  6a;  +  l 

-4a*  +  6a:+l 


Here  the  square  root  of  4a3*  is  203*,  which  is  the  first  term  of 
the  required  root.  Subtract  its  square,  that  is  4a;*,  from  the 
whole  expression,  and  the  remainder  is  —  12a;'  +  5a;*  +  6a3+ 1. 
Divide  -  12a;*  by  twice  2a;*,  that  is  by  4a;'  the  quotient  is  -  3a;, 
which  will  be  the  nex*  term  of  the  required  root;  then  mul- 
tiply 4a;'~3x  by  -3a;  and  subtract,  so  that  the  remainder  is 
-  4a;"  +  6a;  +  1.  Divide  by  twice  the  portion  of  the  root  already 
found,  that  is  by  4a;"  -  6a; ;  this  leads  to  - 1 ;  the  product  of 
4a;"  -  6a;  - 1  and  -  1  is  -  435*  +  6^a;  + 1,  and  when  this  is  subtracted 
there  is  no  remainder,  and  thus  the  required  root  is  2a;"—  3a;—  1. 

236.     Again,  extract  the  square  root  of 

x^  -  6aa;*  +  15a"a;*  -  20aV  +  15aV  -  Qa'x  +  a\ 

The  operation  may  be  arranged  as  before, 

a;'-  6«a;'*+15a"a;*-20aV+15aV-6a'a;+a'  U'*-3aa;"+3a"a;-o' 

a;* 


2a;'  -  3aa;"^-  6aa;*  +  I5a"a;*  -  20aV  +  16aV  -  6a*a;  +  a" 
-  6a»*  +  9aV 


2a?  -  6ax"  +  3a"a;  J  6a"a;*  -  20aV  +  15aV  -  Qa'x  +  a' 

6a"a;*-18aV  +  9(»V 


^x""  -  ^oa?-^  6a"a;  -  a"^-  2"aV  +  6aV  -  Qal'x  +  a* 

-  ^a'^T?  +  6aV  -6a*a;  +  a' 
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237.  It  has  been  already  remarked,  tliat  all  even  roots  admit 
of  a  double  sign.  (Art.  231.)  Thus  in  the  example  of  Art.  23o, 
the  expression  2x^  —  3a;  —  1  is  found  to  be  a  square  root  of  the 
expression  there  given,  and  —  2x'  +  Saj  +  1  will  also  be  a  square 
root,  as  may  be  verified.  In  fact,  the  process  commenced  by  the 
extraction  of  the  square  root  of  4x*,  and  this  might  be  taken  as 
205*  or  as  —  2aj';  if  we  adopt  the  latter  and  continue  the  opera- 
tion in  the  same  manner  as  before,  we  shall  arrive  at  the  result 
-2iB"+3a;  +  l. 

238.  The  fourth  root  of  an  expression  may  be  found  by  ex- 
tracting the  square  root  of  the  square  root.  Similarly  the  eighth 
root  may  be  found,  or  the  aixte&nth  root,  and  so  on, 

239.  The  preceding  investigation  of  the  square  root  of  an 
Algebraical  expression  will  enable  us  to  prove  the  rule  for  the 
extraction  of  the  square  root  of  a  number,  which  is  given  in 
Arithmetic. 

The  square  root  of  100  is  10,  of  10000  is  100,  of  1000000  is 
1000,  and  so  on;  hence  it  will  follow  that  the  square  root  of  a 
number  less  than  100  must  consist  of  only  one  figure,  of  a  number 
between  100  and  10000  of  two  places  of  figures,  of  a  number  be- 
tween 10000  and  1000000  of  three  places  of  figures,  and  so  on. 
If  then  a  point  be  placed  over  every  second  figure  in  any  number 
beginning  with  the  units,  the  number  of  points  wiU  shew  the 

number  of  figures  in  the  square  root.     Thus  the  square  root  of 

•    •  .    .    , 

4356  consists  of  two  figures,  the  square  root  of  611524  of  three 
figures,  and  so  on. 

240.  Suppose  the  square  root  of  4356  required. 

Point  the   number  according  to  •      •  ,  ^^     ^ 

*!.        1       *!,       '4r  +1,4.4.1.  4356(60  +  6 

the  rule;   thus  it  appears  that  the  ^ 

root  consists  of  two  places  of  figures.  

Let  a  +  b  denote  the  root,  where  a  is  120  +  6^756 

the  value  of  the  figure  in  the  tens'  7  5  6 

place,  and  h  the  figure  in  the  units' 
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place.  Then  a  must  be  the  greatest  multiple  of  ten  which  has 
its  square  less  than  4300;  this  is  found  to  be  60.  Subtract  a^ 
that  is  the  square  of  60,  from  the  given  number,  and  the  remain- 
der is  756.  Divide  this  remainder  by  2a,  that  is  by  120,  and  the 
quotient  is  6,  which  is  the  value  of  6.  Then  (2a  +  h)  6,  that  is 
126  X  6  or  756,  is  the  quantity  to  be  subtracted;  and  as  there  is- 
now  no  remainder,  we  conclude  that  60  +  6  or  66  is  the  reqiiired 
square  root. 

It  is  stated  above  that  a  is  the  greatest  multiple  of  ten  which 
has  its  square  less  than  4300.  For  a  evidently  cannot  be  a 
greater  multiple  of  ten.  If  possible  suppose  it  to  be  some  multi- 
ple of  ten  less  than  this,  say  x]  then  since  x  is  in  the  tens'  place, 
and  h  in  the  units'  place,  a;  +  6  is  less  than  a;  therefore  the  square 
oi  x  +  h  is  less  than  a",  and  consequently  05  +  6  is  less  than  the 
true  root. 

If  the  root  consist  of  three  places  of  figures,  let  a  represent 
the  hundreds  and  h  the  tens ;  then  having  obtained  a  and  h  as 
before,  let  the  hundreds  and  tens  together  be  considered  as  a  new 
value  of  a,  and  find  a  new  value  of  h  for  the  units. 

241.  The  cyphers  may  be  omitted  for  the  sake  of  brevity, 
and  the  following  rule  may  be  obtained  from  the  process. 

Point  every  second  figure  beginning  with  o  k  d  i 

the  units'  place,  and  thus   divide  the  whole  ^ 

number  into  several  periods.     Find  the  great-  

est  number  whose  square  is  contained  in  the   12  6^756 
first  period ;    this   is  the  first  figure  in  the  7  5  6 

root;  subtract  its  square  from  the  first  period, 
and  to  the  remainder  bring  down  the  next  period.  Divide  this 
quantity,  omitting  the  last  figure,  by  twice  the  part  of  the  root 
already  found,  and  annex  the  result  to  the  root  and  also  to  the 
divisor,  then  multiply  the  divisor  as  it  now  stands  by  the  part  of 
the  root  last  obtained  for  the  subtrahend.  If  there  be  more 
periods  to  be  brought  down  the  operation  must  be  repeated. 
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242.     Extract  the  square  root  of  611524;  also  of  10246401. 

6  1  1524(^782       l624640i(,3201 
49  9 


148^1215  62J124 

1184  124 


1  562^3 1 24  640i;6401 

3  124  6401 


In  the  second  example  the  student  should  observe  the  occur- 
rence of  the  cypher  in  the  root. 

243.  The  rule  for  extracting  the  square  root  of  a  decimal 
follows  from  the  preceding  rule.  "We  must  observe,  however,  that 
if  any  decimal  be  squared  there  will  be  an  even  number  of  decimal 
places  in  the  result,  and  therefore  there  cannot  be  an  exact  square 
root  of  any  decimal  which  in  its  simplest  state  has  an  odd  number 
of  decimal  places. 

The  square  root  of  21-76  is  one-tenth  of  the  square  root  of 
100  X  21-76,  that  is  of  2176.  So  also  the  square  root  of  -0361  is 
one-hundredth  of  that  of  10000  x  -0361,  that  is  of  361.  Thus  we 
may  deduce  this  rule  for  extracting  the  square  root  of  a  decimal  j 
put  a  point  over  eveiy  second  figure  beginning  at  the  units'  place, 
and  continuing  both  to  the  right  and  left  of  it ;  then  proceed  as 
in  the  extraction  of  the  square  root  of  integers,  and  mark  off  as 
many  decimal  places  in  the  result  as  the  number  of  periods  in  tlie 
decimal  part  of  the  proposed  number. 

244.  In  the  extraction  of  the  square  root  of  an  integer,  if 
there  is  still  a  remainder  after  we  have  arrived  at  the  figure  in 
the  units*  place  of  the  root,  it  indicates  that  the  proposed  number 
has  not  an  exact  square  root.  We  may  if  we  please  proceed  with 
the  approximation  to  any  desired  extent  by  supposing  a  decimal 
point  at  the  end  of  the  proposed  number,  and  annexing  any  even 
number  of  cyphers  and  continuing  the  operation.  We  thus  obtain 
a  decimal  part  to  be  added  to  the  integral  part  already  found. 
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Similarly,  if  a  decimal  number  has  no. exact  square  root,  we 
may  annex  cyphers  and  proceed  with  the  approximation  to  any 
desired  extent. 

245.  The  following  is  the  extraction  of  the  square  root  of 
twelve  to  seven  decimal  places. 

12-0606.  ..U-464  1016- 
9 


64;300 
256 


6  8  6^4400 
4116 


69  24^28400 
27  696 


6  928  1^70400 
6928  1 


6928201J1 1 1 90000 

69  2820  1 


69  2S202 6  i42  6  17  9  9  00 

415692  156 


10487744 


246.  Wlien  n  +  1  figures  of  a  square  root  have  been  obtained 
hy  the  ordinary  method,  n  more  may  he  obtained  by  division  oidy^ 
8Uj)posing  2n  +  1  to  be  the  whole  number. 

Let  i\r  represent  the  number  whose  square  root  is  required, 
a  the  part  of  the  root  already  obtained,  x  the  part  which  remains 
to  be  found ;  then 

so  that  i\r=  a'  +  2ax  +  x\ 

therefore,  iV-  a'^2ax  +  of, 

and  — - —  =  iu  +  — . 

2a.  2a 


EVOLUTION*  139 

Thus  If—  a"  divided  by  2a  will  give  tlie  rest  of  the  square 

root  required,  or  a?,  increased  hy  ^;  and  we  shall  shew  that  ^ 

Za  jia 

is  a  proper  /ractiony  so  that  by  neglecting  the  remainder  arising 
from  the  division  we  obtain  the  part  required.  For  x  by  sup- 
position contains  n  digits,  so  that  a^  cannot  contain  more  than 

2n  digits;  but^a  contains  2n  +  l  digits,  and  thus  ^  is  a  proper 

fraction. 


247.     We  will  now  investigate  the  method  of  extracting  the 
cube  root  of  a  compound  quantity. 

The  cube  root  of  a*  +  3a'6  +  3a6*  +  5'  is  a  +  6,  and  to  obtain 

this  we  proceed  as  follows:  arrange  ««•,«,•     ^.i 

^.     J.  J-       X    xi.     J-  a^  +  da'h  +  Sah'  +  bHa  +  b 

the  terms  according  to  the  dimen-  3  ^ 

sions  of  one  letter  a,  then  the  first 


term  is  a\  and  its  cube  root  is  a,       Sa'J  3a^b  +  3ab*  +  b 
which  is  the  first  term  of  the  re-  3a*6  +  3ab  +  b 

quired  root.    Subtract  its  cube,  that 

is  a',  from  the  whole  expression,  and  bring  down  the  remainder 
Za'b  +  Zab*  +  b\  Divide  the  first  term  of  the  remainder  by  3a*, 
and  the  quotient  is  5,  which  is  the  other  term  of  the  required 
root;  then  subtract  3a'6  +  3a6"  +  6*  from  the  remainder,  and  the 
whole  cube  of  a  +  6  has  been  subtracted.  This  finishes  the  opera- 
tion in  the  present  case.  If  there  were  more  terms  we  should 
proceed  with  a  +  b  as  we  foimerly  did  with  a;  its  cube,  that  is 
a"  +  3a*6  +  3a6' +  6"  has  already  been  subtracted  from  the  pro- 
posed expression,  so  we  should  divide  the  remainder  by  3  (a  +  6)* 
for  a  new  term  in  the  root;  and  so  on. 

248.  It  will  be  convenient  in  extracting  the  cube  root 
of  more  complex  Algebraical  expressions,  and  of  numbers,  to 
arrange  the  process  of  the  preceding  article  in  three  columns, 
as  follows: 
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3a  +  b 

Sa' 

a«  +  3a"6  +  3a&'  +  6« 

{3a  +  h)b 
3a*+3a6  +  6* 

a« 

• 

3a*6  +  3o6»  +  6» 

3a"6  +  3a6«  +  6* 

Find  the  first  term  of  the  root,  that  is  a;  put  a*  under  the 
given  expression  in  the  third  column  and  subtract  it.  Put  3a 
in  the  first  column,  and  3a*  in  the  second  column;  divide  3a*6 
by  3a',  and  thus  obtain  the  quotient  b;  add  h  to  the  quantity 
in  the  first  column;  multiply  the  expression  now  in  the  first 
column  by  h,  and  place  the  product  in  the  second  column  and  add 
it  to  the  quantity  already  there;  thus  we  obtain  3a*+3a6  +  6'; 
multiply  this  by  b  and  we  obtain  3a*6  +  3a6'  +  b\  which  is  to  be 
placed  in  the  third  column  and  subtracted.  We  have  thus  com- 
pleted the  process  of  subtracting  (a +  6)'  from  the  original  ex- 
pression. If  there  were  more  terms  the  process  would  have  to 
be  continued. 

249.     In  continxiing  the  operation  we  must  add  such  a  quan- 
tity to  the  first  column  as  to  obtain  there  three  times  tJte  part  of 
tJie  root  already  found.     This  is  conveniently  effected      3^  _^   jv 
thus;    we   have  already   in  the   first  column  3a  +  &;  26} 

place  2b  under  the  b  and  add :  thus  we  obtain  3a  +  36,      

which  is  three  times  a +  6,  that  is,  three  times  the 

part  of  the  root  already  found.     Moreover,  we  must  add  such  a 

quantity  to  the  second  column  as  to  obtain  there  three  times  the 

square  of  the  part  of  the  root  already  found. 

This  is  conveniently  effected   thus;  we   have  (3a +  6)0 

already  in  the  second   column  (3a  +  b)  6,  and         3*  +  3a6  f  b 

below  that  3a*  +  3a6  +  6*;  place  V  below  and  ^* 

add  the  expressions  in  tlie  three  lines;  thus  we         3^*  4.  Qab  +  36* 

obtain   3a*  +  606  +  36*,   which   is  three  times 

(a  +  6)*,  that  is,  three  times  the  square  of  the  part  of  the  rdbt 

already  found. 
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250.     Example ;  extract  the  cube  root  of 

8a;'  -  36caj*  +  eQc'x^  -  63cV  +  33cV  -  9c'x  +  c\ 

6ic"-3ca;|  12a:* 

-6cx)  -  3cx  (6x' -  3cx) 

6a:»-9ca;  +  c»  12a;*-18ca;»+ 9cVl 

+  9cV' 


12a;*-36ca;»  +  27cV 

+  c'  (6a;'  -  9ca;  +  c*) 

12aj*  -  36csif  +  33c  V  -  9c»a;  +  c* 

Saf  -  36ca;*  +  eScW  -  63cW  +  33cV  -  9c*a:  +  c\  2a;'  -  3ca?  +  c' 
8aj« 

-  36ca;*  +  66cV  -  63c»a;»  +  33cV  -  9c*a;  +  c« 

-  36ca;*  +  64cV  -  27cV 

12cV  -  36cV  +  33cV  -  9c''a;  +  c' 
12cV  -  3Q(fa^  +  33cV  -  9c'a;  +  c' 


The  cube  root  of  8a;*  is  2af  which  will  be  the  first  term  of  the 
root;  put  8a;*  under  the  given  expression  in  the  thii*d  column  and 
subtract  it.  Put  three  times  2a;*  in  the  first  column,  and  three 
times  the  square  of  2a;'  in  the  second  column ;  that  is,  put  6af  in 
the  first  column,  and  12a;*  in  the  second  column.  Diyide  —  36ca;* 
by  12a;*,  and  thus  obtain  the  quotient  --3ca;,  which  will  be  the 
second  term  of  the  root;  place  this  term  in  the  first  column, 
and  multiply  the  expression  now  in  the  first  column,  that  is, 
6a;'  —  3ca;  by  —  3ca;;  place  the  product  under  the  quantity  in  the 
second  column  and  add  it  to  that  quantity;  thus  we  obtain 
12a5*  —  18ca;'  +  9c^x';  multiply  this  by  —  3ca;,  and  place  the  product 
in  the  third  column  and  subtract  Thus  we  hare  a  remainder  in 
the  third  column,  and  the  part  of  the  root  already  found  is 
2a;*— 3ca;. 
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We  mast  now  adjust  the  first  and  second  columns  in  the 
manner  explained  in  Art.  249.  We  put  twice  —  Zcx,  that  is, 
—  6cx,  under  the  quantity  in  the  first  column,  and  add  the  two 
lines;  thus  we  obtain  Qx'—dcx,  which  is  three  times  the  part  of 
the  root  already  found.  We  put  the  square  of  —  3cx,  that  is,  9cV, 
under  the  quantity  in  the  second  column,  and  add  the  last  three 
lines  in  this  column;  thus  we  obtain  12a5*  —  36caJ*  +  STcV,  which 
is  three  times  the  square  of  the  part  of  the  root  already  found. 

Now  divide  the  remainder  in  the  third  column  by  the  ex- 
pression just  obtained,  and  we  arrive  at  c*  for  the  last  term  of 
the  root;  proceed  as  before  and  the  operation  closes. 

251.  The  preceding  investigation  of  the  cube  root  of  an 
Algebraical  expression  will  enable  us  to  deduce  a  rule  for  the 
extraction  of  the  cube  root  of  any  number. 

The  cube  root  of  1000  is  10,  of  1000000  is  100,  and  so  on; 
hence  it  will  follow  that  the  cube  root  of  a  number  less  than 
1000  must  consist  of  only  one  figure,  of  a  number  between  1000 
and  1000000  of  two  places  of  figures,  and  so  on.  If  then  a  point 
be  placed  over  every  third  figure  in  any  number  beginning  with 
the  units,  the  number  of  points  will  shew  the  number  of  figures 
in  the  cube  root. 

252.  Suppose  the  cube  root  of  405224  required. 

210+4       14700       405224(70+4 

856       343000 


15556  62224 

62224 


Point  the  number  according  to  the  rule;  thus  it  appears  that 
the  root  consists  of  two  places  of  figures.  Let  a  be  the  value  of 
the  figure  in  the  tens'  place,  and  h  the  figure  in  the  units'  place. 
Then  a  must  be  the  greatest  multiple  of  ten  which  has  its  cube 
less  than  405000 ;  that  is,  a  must  be  70.     Place  the  cube  of  70, 
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that  is  343000,  in  the  third  colamn  under  the  given  number  and 
subtract  Place  three  times  70,  that  is  210,  in  the  first  column, 
and  three  times  the  square  of  70,  that  is  14700,  in  the  second 
column.  Divide  the  remainder  in  the  third  column  by  the  number 
in  the  second  column,  that  is,  divide  62224  by  14700;  we  thus 
obtain  4,  which  is  the  value  of  6.  Add  4  to  the  first  column; 
multiply  the  sum  thus  formed  by  4,  that  is,  multiply  214  by  4; 
we  thus  obtain  856;  place  this  in  the  second  column  and  add  it 
to  the  number  already  there.  Thus  we  obtain  15556;  multiply 
this  by  4,  place  the  product  in  the  third  column  and  subtract. 
Tlie  remainder  is  zero,  and  therefore  74  is  the  required  root. 
The  cyphers  may  be  omitted  for  brevity,  and  the  process  will 
stand  thus : 

214         147  405224  (7 4 

85  6        343 


15556  62224: 

6  2224 


253.     Example;  extract  the  cube  root  of  12812904. 

6  3^        12         12812904(234 
6/  18  9i       8 


694        1389h      4812 

9)       4  167 


1587         645904 
277  6      645904 


16  147  6 


After  obtaining  the  firsfc  two  figures  of  the  root  23,  we  adjust 
the  first  and  second  columns  in  the  manner  explained  in  Art.  249. 
We  place  twice  3  under  the  first  column  and  add  the  two  lines 
giving  69,  and  we  place  the  square  of  3  under  the  second  column 
and  add  the  last  three  lines  giving  1587.  Then  the  operation  is 
continued  as  before.     The  cube  root  is  234. 
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254.     Example;  extract  the  cube  root  of  144182818617463. 


152)  75  144182818617453(52437 


:} 


4)  304^  125 


1564|      7804r       19182 
8j         4)       15608 


1572  3^     8112         3574818 
6|       625  6^      3269824 


157297    817456>       304994617 

161       247259907 


823728         57734710453 
471691      57734710453 


82419969, 
9 

82467147 
1101079 

8247815779 

The  cube  root  is  52437. 

255.  If  the  root  have  any  number  of  decimal  places  the  cube 
will  have  thrice  as  many;  and  therefore  the  number  of  decimal 
places  in  a  decimal  number,  which  is  a  perfect  cube,  and  in  its 
simplest  state,  will  necessarily  be  a  multiple  of  three,  and  the 
number  of  decimal  places  in  the  root  will  be  a  third  of  that 
number.  Hence  if  the  given  cube  number  be  a  decimal,  we 
place  a  point  over  the  units'  figure,  and  over  every  third  figure  to 
the  right  and  left  of  it;  then  the  number  of  "points  in  the  decimal 
part  of  the  proposed  number  will  indicate  the  number  of  decimal 
places  in  the  cube  root 

If  a  number  have  no  exact  cube  root  we  may,  as  in  the  ex- 
traction of  the  square  root,  proceed  with  the  approximation  to 
any  desired  extent.     See  Art.  244. 


256.     Reqnired 

'1} 
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the  cube  root  of  1481-544. 
3                        148  1  -5  4  4  (11-4 

3  n           1 

334 

331 
1 

(6 

481 
331 

363 
1  32 

150544 
150544 

The  cube  root  is 

37636 
11-4. 

145 


257.  Whsa  n  +  2  figures  of  a  cube  root  have  been  obtained 
by  the  ordina/ry  method,  n  more  may  be  obtained  by  division 
ordyy  supposing  ^n-^t  to  be  the  whole  number* 

Let  N  represent  the  number  whose  cube  root  is  required, 
a  the  part  of  the  root  alreadj  obtained,  x  the  part  which  remains 
to  be  found;  then 

iJN=a-\-x, 

i\r=  a' +  3a*ic  +  3oa"  +  aj® ; 
N"  a*=  3a"a5  +  3003*  +  a?, 


so  that 
therefore, 

and 


Thus  N-a^  divided  by  3a'  will  give  the  rest  of  the  cube 

of      of 
root  required,  or  oj,  increased  by  —  +  ^-^ ;   and  we  shall  shew 

that  the  latter  expression  is  a  proper  fractiony  so  that  by  neglect- 
ing the  remainder  arising  from  the  division,  we  obtain  the  part 
required     For  by  supposition,  x  is  less  than  lO*.  and  a  is  not 

gf  10** 

less  than  10*"*^' ;  thus  —  is  less  than  yt^^tpi  >  ^^^  ^^>  ^^^  ihsai 


a 


10*" 


1  of 

10-    ^*3^»^^^*^3xl0-*- 


^^^S^S^-^^^^^^^iVsxio 

unity. 

T.A, 


,  that  is,  less  than 
1 


3xl0"*»* 
■^f  and  is  thus  less  than 


10 


it 
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EXAKPLES   OP  EVOLUTIOK. 

Extract  the  square  roots  of  the  expressions  contained  in  the 
following  examples  from  1  to  15  inclusive. 

1.     a;*-2a^+3a;*-2a;+l. 

3.  4aj*  +  1 2a^  +  Sir*  -  6a;  + 1. 

4.  4a;*  -  4a;' +  5a;'-  2a;  +  l. 

5.  4a;*  - 1 2aa;»  +  25a V  -  24a»a;  + 1 6a*. 

6.  25a;*-30aa;'+49aV-24a'a;  +  16a*. 

7.  a;'  -  ^ax^  +  1  ^a^x""  -  20aV  +  15aV  -  Mx  +  oT. 

8.  (a  -  6)*-  2  (a«  +  5»)  (a  -  5)'  +  2  (a*  +  5*). 

9.  4  {(a'  -  6«)  cd  ■\-ah{<?''  d")}'  +  {(a»  -  V)  (c«  ~  ^^  -  4a&;(^}'. 

10.  a*  +  5*  +  c*+df*-2a'(6«  +  (^")-26»(c*-cr)  +  2c"(a*-er). 

11.  (.4)-4(.-i). 

a;"  4 

12.  a;*-a;'  + j  +  4a;-2^-5. 

^^      a*     a^     a'  ^     x' 

13.  -r+— +-:«-aa;-2  +  -5. 
4      a;      ar  a* 

14.  a*  +  2(26-c)a»  +  (46»-46c+3c')a*+2c"(26-c)a  +  c*. 

15.  (a  -  26)' X*  ^2a{a-  26)  a;'  +  (a'+  4a6  -  6a  -  86*  +  1^6)  a;' 

- (4a6  -  6a)a;  +  46*- 126  +  9. 

16.  Find  the  square  root  of  the  sum  of  the  squares  of  %  '4, 

•6,  -86. 

Extract  the  cube  root  of  the  expressions  and  numbers  in  ihe 
following  examples  from  17  to  24  inclusive. 

17.  8a;*^-36a;*+66a;*-63a;'  +  33a;*-.9a;+l. 

1 8.  8x^  +  48ca;«  +  60c  V  -  80c  V  -  90cV  +  108c»a;  -  27c'. 


! 
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1 9.  8aj*^  -  36cx'  +  1 02c  V  -  1 7  IcV  +  204cV  -  1  iic'x  +  64c«. 

20.  167-284151. 

21.  731189187729.     . 

22.  10970-645048. 

23.  l,3717421O8367j52€i89Q260.631. 

24.  Extract  the  fourth  root  of  (a;'  +  -j ]  -  4  ( ce  +  -  j  +12. 

25.  If  a  number  contain  n  digits,  its  square  root  contains 
i{2»  +  l-(-l)«}  digits. 

26.  Shew  that  the  following  expression  is  an  exacrt  square  : 


XYIII.     THEOEY   OF  INDICES. 

258.  We  have  defined  a"*,  where  m  is  a  positive  integer,  as 
the  product  of  m  factors  each  equal  to  a,  and  we  have  shewn  that 

oT  xa*^  a*""^",  and  that  — ;j  =  a"^"  or  -^^^  according  as  m  is  greater 

or  less  than  n.  Hitherto  then  an  exponent  has  always  been  a 
positive  integer;  it  is  however  found  convenient  to  use  exponents 
which  are  rwt  positive  integers,  and  we  shall  now  explain  the 
meaning  of  such  exponents. 

259.  As  fractional  indices  and  negative  indices  have  not  yet 
been  defined,  we  are  at  liberty  to  give  what  definitions  we  please 
to  them;  and  it  is  found  convenient  to  give  such  definitions  to 
them  as  will  make  the  important  relation  oTx  a''  =  a"*"^"  always 
true,  whatever  m  and  n  Tnay  he. 

For  example ;  required  the  meaning  ©f  a  . 

By  supposition  we  are  to  have  a^xa^  =  a^  =  a.  Thus  a'  must 
be  such  a  number  that  if  it  be  multiplied  by  itself  the  result  is  a ; 

10—2 
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and  the  aqua/re  root  of  a  is  by  definition  such  a  number ;  tlierefore 
cr  must  be  equivalent  to  the  square  root  of  a,  that  is,  a^  =  Jok. 

Again ;  required  the  meaning  of  a^ 

By  supposition  we  are  to  have 

4       i       i       Ui+i       1 
a'  X  a'  X  a"  =  a'^*^  =  a  ==  «* 

Hence,  as  before,  a^  must  be  equivalent  to  the  cube  root  of  a, 
that  is  a*  =  l/cu 

Again ;  required  the  meaning  of  a*. 

By  supposition,  a*  x  a*  x  a*  xa*  =  a*; 

therefore  a*  =  ^a*. 

These  examples  would  enable  the  student  to  understand  what 
is  meant  by  any  fractional  exponent ;  but  we  will  give  the  defini- 
tion in  general  symbols  in  the  next  two  Articles. 

260.  Required  the  meaning  of  a"  where  n  is  any  pwUive  whole 
number. 

By  supposition, 

-         -  -  -+i+i+      tontonn. 

a*  xa*  xa*x  ...  to  w  factors^  a*    ""*"  ^.^i..^. 

therefore  a"  must  be  equivalent  to  the  n^  root  of  o^ 

1 
that  is,  a*=^a, 

261 .  Required  the  m/ea/ning  of  a"  where  m  and  n  a/re  any  posi- 
tive whole  numbers. 


By  supposition, 

Wl  Wl'_  •!  1W    ^   W   ^   W 

a"  xa"xa"  X  ...  to  7i  fiMJtors  =  a"    •    "    •"    "        =»"•; 
therefore  a*  must  be  equivalent  to  the  v^  root  of  a", 
that  is,  a«  =  ya\ 


THEORY  OF  INDICES.  149 

m 

Hence  a*  means  tlie  w*  root  of  the  m***  power  of  a ;  that  is, 
in  a  fractional  index  the  numerator  denotes  a  power  and  the 
denominator  a  root 

262.  ^  We  have  thus  assigned  a  meaning  to  any  positive  index, 
whether  whole  or  fractional ;  it  remains  to  assign  a  meaning  to 
negative  indices. 

For  example,  required  the  meaning  of  a"'. 

By  opposition,       a'  x  a""  =  a'"'  ^^a^^za, 

therefore  a"*  =  -5  =  -• . 

or     or 

We  will  now  give  the  definition  in  general  symbols. 

263.  Required  the  meaning  of  a""/  where  n  is  cmy  positive 
number  whole  or  fractional, 

'Bj  supposition,  whatever  m  may  be,  we  are  to  have 


a"*  X  a""  =  a*""*. 


Now  we  may  suppose  m  positive  and  greater  than  n,  and  then, 
by  what  has  gone  before,  we  have 

a** 
a"""  X  a"  =  a"* :        and  therefore    a"*""  =  -j . 

a* 

Therefore  a*  x  a"*  =  — r ; 

a 

therefore  a""  =  -s . 

a 

In  order  to  express  this  in  words  we  will  define  the  word  re- 
ciprocal. One  quantity  is  said  to  be  the  reciproccU  of  another 
when  the  product  of  the  two  is  equal  to  unity ;  thus,  for  example, 

X  is  the  redprocdl  of  - . 

S6 
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Hence  a'"  is  the  reciprocal  of  a";  or  we  may  put  tliis  result 
symbolicaUy  in  any  of  the  following  ways, 

1  1 

a  Of 

264.  It  will  follow  from  the  meaning  which  has  been  given 

to  a  negative  index  that  a"  -r  a"  =  a""*  when  m  is  less  than  w,  as 

well  as  when  m  is  greater  than  n.     For  suppose  m  less  than  n ; 

we  have 

oT       1 

a"     a"  "• 

Suppose  m  =  n;  then  cT-rcC  is  obviously  =  lj  and  e^'^asa®. 
The  last  symbol  has  not  hitherto  received  a  meaning,  so  that  we 
are  at  liberty  to  give  it  the  meaning  which  naturally  presents 
itself;  hence  we  may  say  that  a°  =  1. 

265.  Thus,  for  example,  according  to  these  definitions, 

d^^^a\        a^=Ja\        a^=Ja*  =  a% 
..1  -4      1       •/ 


a 


1 


a 


4 

1 

1 

a 

-T__ 

4 

~'Ia* 

d^ 

a 

Thus  it  will  appear  that  it  is  not  ahsolutdy  necessary  to  intro- 
duce fractional  and  negative  exponents  into  Algebra,  since  they 
mewly  supply  us  with  a  new  notation  for  quantities  which  we  had 
already  the  means  of  representing.  It  is,  as  we  have  said,  a  aynr- 
venient  notation,  which  the  student  will  learn  to  appreciate  as  he 
proceeds, 

266.  The  notation  which  we  have  explained  will  now  be 
used  in  establishing  some  propositions  relating  to  roots  and 
powers. 

267.  To  shew  that  a*  x  6*  =  {dbf. 
Let  a"  X  6"  =  35;  therefore 
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Thus  a^^ahj  therefore  x  =  (aft)",  which  was  to  be  proved. 
In  the  same  maimer  we  can  prove  that 

111  11  1 

268.    Hence  a"  x  6"  x  c"  =  {ahf  x  c"  =  {dbc)\ 

And  by  proceeding  in  this  way  we  can  prove  that 

ILL  1  1^ 

a"x6"xc*x xk*^(abc.,.,kY, 

Suppose  now  that  there  are  m  of  these  quantities  a,  by  c,  ...k, 
and  that  each  of  them  is  equal  to  a;  then  we  obtain 

1  1 

1  •   w 

But  {ary  is,  by  Arts.  260,  261,  a";  thus 

1  M 

{ay  =  a". 


1  1 


269.     To  shew  that  (a")"  =  oT. 

i  L  L 

Let  x-{arf]    therefore  a"  =  a'";    therefore  a;""=a;    there- 
fore  X  =  oT*.     Thus  (a"*)"  =  a"",  which  was  to  be  proved. 


270.     To  shew  that  a"  =  a"^ 


Let  fB  =  a"j  therefore  aj"  =  a"'j  therefore  »"'  =  «"•';  therefore 
a:  =  a**.     Thus  a"  =  a"',  which  was  to  be  proved. 

271.  The  student  may  infer  from  what  we  have  said  in 
Art.  265,  that  the  propositions  just  established  may  also  be 
established  tmthouf,  using  frcbctioncd  exponents.  Take  for  example 
that  in  Art.  267 ;  here  we  have  to  shew  that 

;yax;/6=;y(a6). 
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Proceed  as  before ;  let  «=  ^a  x  ^ ;  therefore 

aj"  =  Ox;y6)-  =  (»-x(;y6)*,  (by  Art.  41),  =  a  x  6. 
Thus  oT^ahj  therefore  x  =  /^(a^),  which  was  to  be  proved. 

272.  We  haye  been  led  to  the  definitions  of  Arts.  260... 265 
as  consequences  of  considering  the  relations  oT  xa*  =  oT'*'*  and 
(a*)"  =  a""  to  be  universally  true,  whatever  m  and  n  may  be ;  we 
shall  now  proceed  to  shew  conversely  that  if  we  adopt  these  defini- 
tions the  relations  a*  x  a"  =  oT**  and  (a*)"  =  a""  are  universally 
true,  whatever  m  and  n  may  be. 

273.  To  shew  that  a^xa'=  a'  '. 

a^xa'^drx  a'S  by  Art  270, 

1  2 

=  (a")"  X  {oTf,  by  definition, 

=  {cT  X  arf,  by  Art.  267, 

274.  In  the  same  way  we  can  prove  that 

275.  Thus  the  relation  arxa*  =  aT"^*  ia  shewn  to  be  true 
when  m  and  n  are  positive  fractions,  so  that  it  is  true  when  m 
and  n  are  any  positive  quantities.  It  remains  to  shew  that  it  is 
also  true  when  either  of  them  is  a  negative  quantity,  and  when 
both  are  negative  quantities. 

(1)     Suppose  one  to  be  a  negative  quantity,  say  n ;  let 
Then  a*  x  a"  =  a"*  x  a""  =  a*  x  —  =  —  =  a*"",  (by  Art.  274), 


I 


a       a 


I 


=  a*"^". 
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(2)    Suppose  both  to  be  negative  quantities;  let 

m  =  -'fi  and  »  =  — v. 
Then 

276.  Similarly  a''xarxcf  =  a"**  x  o^  =  a"****';  and  so  on. 

Thus  if  we  suppose  there  to  be  r  quantities  m,  n,py  ...,  and 
that  each  of  the  others  is  equal  to  m^  we  obtain 

a)  =a  y 
whatever  m  may  be. 

277.  To  shew  that  (a^'"=  cP. 

it  t        >^ 

Let  a;  =  (a')*;    therefore  af={a^'t=za^^   by  Art  276;   there- 
in 
fore  af=:cf^;  therefore  x  =  a**,  which  was  to  be  proved. 

278.  To  shew  that  (a"^"  =  aT"  universally. 

By  the  preceding  article  this  is  true  when  m  and  n  are  any 
positive  quantities;  it  remains  to  shew  that  it  is  true  when  either 
of  them  is  a  negative  quantity^  and  when  both  are  negative 
quantities. 

(1)  Suppose  n  to  be  a  negative  quantiiy,  and  let  it  =  -  v. 
Then        («-)•=  (a-)-'=(-l.y^  =  ^  =  «-'  =  «-. 

(2)  Suppose  m  to  be  a  negative  quantify,  and  let  it  =  —  /x. 

Then        (a-)"  =  («■")"  =  ( ji)  =  ^  =  «"'"  =  «""' 

(3)  Suppose  both  m  and  n  to  be  negative  quantities;  let 

m  =  —  /i  and  n=:  —  v. 

Then        {ay  =  (e,-")-'  =  ^,  =  -1,  =  a^'  =  «~ 
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1.  Simplify  (aj*  X  aj*)^ 

2.  Find  the  product  of  a  ,  a**,  a~*,  and  a~\ 

3.  Find  the  product  of  (f)*,     (^)*  and  (^.V. 

4.  Simplify  the  product  of 

a\  a-',  ^V,  a",  >",  and  (a"^)* 


1       1 


6.  Multiply  a^+b^  +  a-k  by  06"  *  -  a* + 6*. 

7.  Multiply  sfi  —  xy^  ■{- ory  -  y^  by  a;  +  a:^y'  +  y. 

8.  Multiply  a^-a'  +  a  -a*  +  a'-a  +  a^-l  by  a'+l. 

9.  Multiply  a'  -  a*  + 1  -  a'*  4-  a"'  by  a*  +  1  +  a"*. 

10.  Multiply  -  3a-*  +  2a-" 6"^  by  -  2a-»  -  3a-'  6. 

11.  Divide  or  —  xy^ -h  xy  —  y^  by  x^  —  y\ 

12.  Divide  a;^  +  ojV  +  a^  by  a*  +  a;*a*  +  a*. 

13.  Divide  a* -a  *  by  a"-a  \ 

1 4.  Divide  2a;*3r"  -  5a; V'  +  7a; V  -  5a;*  +  2a;y 

by  o^y^-ofy-'  +  xyK 

15.  Divide  a^  -  Jb  +  a6*  -  2a*6"  +  b^  by  a*  -  a6*  +  a*6  -  6* 

i«  g: i;a.  g^  -  oa;^  +  a°a;  •-  a;^ 

10.  bimpli^  — r T J ^ T B . 

a^-a*x^  +  3a*a;-  3aa;*  +  a^vf-x^ 
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17.  Extract  the  square  root  of 

•Z-  -I \.  _£ . , 

18.  Extract  the  square  root  of 

4a  - 12  A*  +  96*  +  16aM  -  246M  +  16c* 

19.  Extract  the  square  root  of 

256aj*  -  612a;  +  640aj'  -  512aj*  +  304  -  128a;-*  +  40aj-*  -  8a;-^  +  a;"^. 


a  a 


20.     If  Q}'=h%  ehew  that  (-^)*  =  «*"  ;  and  if  a  =  26,  shew 
that  6  =  2. 


XIX.     SURDS. 

279.  When  a  root  of  an  Algebraical  quantity  which  is  re- 
quired, cannot  be  exactly  obtained,  it  is  cf^led  an  irrational  or 

a  6 

siMrd  quantity.  Thus  ^a^  or  a^  is  called  a  surd.  But  ^a^  or  a^* 
thpugh  appai'ently  in  a  surd  form,  can  be  expressed  by  a%  and  so 
is  not  called  a  surd. 

The  rules  for  operations  with  surds  follow  from  the  proposi- 
tions established  in  the  preceding  chapter,  as  will  now  be  seen. 

280.  A  rational  qumUity  may  he  expressed  m  the  form  of  a 
given  sv/rd^  hy  raising  it  to  the  power  wliose  root  the  surd  eocpresses, 
and  affixing  the  radical  sign. 

Thus  a=^^a'=  ^a\  <fcc.;  and  a^x  =  {a  +  xY.  In  the  same 
manner  the  form  of  any  surd  may  be  altered ;  thus 

(a  +  a;)'  =  (a  +  a;)^  =  (a  +  aj)* 

The  quantities  are  here  raised  to  certain  powers,  and  the  roots  of 
those  powers  are  again  taken,  so  that  the  values  of  the  quantities 
are  not  changed. 
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281.  Hie  coeffide/nt  of  a  mtrd  map  he  introduced  wnder  the 
radical  sigri^  by  first  reducmg  U  to  the  form  of  the  swrd  and  then 
m/ultiplying  according  to  Art.  271. 

For  example, 

a  Jx=^Ja' X  ^x=  J{a^;  ay*  =  (ay)*; 
X ^(2a^x)  =  ^{2aaf-af);  ax («-«)*=  {a" (a -«)"}*; 
4^2  =  ^/(16x2)  =  ^32. 

282.  Conversely^  any  qtmntity  may  he  made  the  coefficient  of 
a  8ti/rd,  if  every  pa/rt  under  the  sign  he  divided  hy  the  quantity 
raised  to  the  power  whose  root  the  sign  expresses. 

Thus    J{a*''ax)^a*x  ^/(a-a?);    ,J(a*-a*x)=^a ,J{a-x); 
(a«-.a^)-  =  a*x^l-^V;     ^60  =  ^(4:  x  15)  =  2  ^15  ; 
/I      l\i    1/,     h\l_lfx'    ^\i    {a^-.h')i 

283.  WTien  surds  have  the  same  irrational  party  their  sum  or 
difference  is  found  hy  affiodng  to  that  irrationcU  part  the  sum  or 
difference  of  their  coefficients. 

Thus    a  Jx^h  ,Jx={a^h)  ^/x; 

^300-^5^3  =  10^3*5^3  =  15^3  or  5^3; 
J{Sa'h)-h  J{3afh)  =  a  ^{3h)  +  x  ^{3h)  =  {a  +  x)  ^(Zh). 

284.  If  two  surds  ha/oe  the  same  index,  their  product  is  found 
hy  taking  the  product  of  the  qua/rUities  under  the  signs  and  retain- 
ing the  common  index. 

11  1 

Thus    a"  X  6"  =  (aft)",  (Art.  267) ;      s/2x^S  =  J6; 

(a  +  6)*x(a-6)*  =  (a«-6»)*. 


•cy 
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285.  If  the  sturds  ha/ve  eoejfflcientSf  the  product  of  these  coeffi- 
cients must  be  prefixed. 

Thus    ajxxh^i/  =  ah^{xt/);    3^8x5^2  =  15^16  =  60. 

286.  If  the  indices  of  two  swrds  have  a  convmon  derurndTiator, 
let  the  qv^cmtities  he  raised  to  the  powers  expressed  hy  their  respective 
numerators^  amd  their  product  may  he  found  as  hefore. 

Thus  2*  X  3*  =  8*  X  3*=  (24)* ; 

(a  +  a;)*x(a-aj)*=  {(«  +  «)(«-«)'}*. 

287.  If  the  indices  have  not  a  common  denominator^  they  may 
he  transformed  to  others  of  the  sams  volume  with  a  common  deno- 
minatory  wnd  their  product  found  as  in  Art.  286. 

Thus 

2*  X  3*  =  2*  X  3*=  8*  X  9*  =  (72)*. 

288.  If  two  surds  ha/ve  the  saTne  rational  quarUity  v/nder  the 
radical  signs^  their  product  is  found  hy  TnaJdng  the  sti/m  of  the 
indices  the  index  of  that  quantity. 


1       11 


Thus  a"  X  «"•  =  «•",  (Art  273); 

^2  X  \J2  =  2^  X  2*=  2*''*  =  2i 

289.  If  the  indices  of  two  swrds  have  a  common  denominaior, 
the  quotient  of  one  divided  hy  the  other  is  obtained  hy  raising  them 
respectively  to  the  powers  expressed  hy  the  numerators  of  their 
indices^  amd  extracting  that  root  of  the  quotient  which  is  compressed 
hy  the  common  denominaior. 
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290.  If  the  mdicea  ha/ve  Twt  a  common  denomincUor,  redv^ce 
them  to  hthers  of  the  same  value  with  a  common  denominxUary  and 
proceed  as  before. 

Thus 

291.  If  the  swds'  have  the  same  rational  quantity  under  the 
radical  signs,  thei/r  qTiotient  is  obtained  by  making  the  difference  of 
the  indices  the  index  of  thai  quantity. 


\ 


1   1 


Thus,  a^^a'^^a'^  %  (Art  274);. 

^2t-^2  =  2*-^2*  =  2*-*=:2^. 

292.  It  is  sometimes  useful  to  put  a  fraction  which  has  a 
simple  surd  in  its  denominator  into  another  form,  by  multiplying 
both  numerator  and  denominator  by  a  factor  which  will  render  the 
denominator  rational.     Thus,  for  example^ 

_2_  ^  _2_V3_  __  2_^-. 
V3     ^3x^3        3     • 

If  we  wish  to  calculate  numerically  the  approximate  value  of 

2    .       .  ,  . 

-T^  it  will  be  found  less  laborious  to  us6  the  equivalent   form 

^.     Similarly,  4  =  ^. 

293.  It  is  also  easy  to  rationalise  the  denominator  of  a  frac- 
tion when  that  denominator  consists  of  two  quadratic  surds. 

For  ^       ^        aUh^Jc)         ^aUh^Jc)       ^ 

Jb^^Jc     U^^Jc){Jb^Jc)  b^c  . 

So  also  — (^{^^Jo)       ^ajh^^c) 

"^      b^Jo^{b^^c){b^Jc) PTT"- 
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294.  By  two*  operations  we  may  rationalise  the  denominator 
of  a  fraction  when  that  denominator  consists  of  three  quadratic 
surds.  For  suppose  the  denominator  to  be  J  a  +  ^b-^  Jc ;  first 
multiply  both  numerator  and  denominator  by  ^a  -^  Jh  —  Jc,  thus 
the  denominator  becomes  a  +  6  —  c  +  2  J  (ah) ;  then  multiply  both 
numerator  and  denominator  by  a  +  &— c  — 2  J{ah)f  and  we  obtain 
a  rational  denominator,  namely  (a  +  6  -  c)'  —  4a6,  that  is, 

a"+6'  +  c"~2a5-26c-2ca. 

295.  A  /actor  may  he  /omnd  vnhich  will  rationalise  amy  bino- 
mial. 

LI  It 

(1)  Suppose  the  binomial  a^  +  ¥.     Put  «  =  »',  y  =  h^;  let 

n  be  the  least  common  multiple  of  p  and  q ;  then  a"  and  y"  are 
both  rational.     N'ow 

where  the  upper  or  lower  sign  must  be  taken  according  stanis  odd 
or  even.     Thus 

af~^-a;""'"y  +  aj"~y- ±y~* 

is  a  factor  which  will  rationalise  x  +  y. 

(2)  Suppose  the  binomial  a^.  —  JT.  Take  x,  y,  and  n  as  be- 
fore.    Now 

(a;-y)(aj"~*  +  a;"**y  +  «"~y  + + 1/"'^)  =  oc'' -  y^. 

Thus  aj"**  +  a5""*y  +  aj""y+ +2/""* 

is  a  factor  which  will  rationalise  x  —  y. 

Take,  for  example,  a^  +  b^ ;  here  n  =  6.  Thus  we  have  as  a 
rationalising  factor 

a;*-  aV  +  a'y'-  »'y'  +  «/  -  2/% 
that  is,  a*  -  a*6*  +  a*6*  -  ah^  +  ak^  -  6* 

that  is,  a*-a'6*  +  a*6*-a&  +  aM-6* 

The  rational  product  is  x^—y%  that  is,  a* -  6^,  that  is,  a' -  b\ 
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296.  The  square  root  of  a  rational  qitarUUy  cannot  be  partly 
rational  andpa/rUy  a  quadratio  surd. 

If  possible  let  ^n  =  a-\-  ^m;  then  by  squaring  these  equal 
quantities  we  have  n  =  a*  +  2a^m  +  m;  thus  2a  Jm^n  —  a'-m^ 

and  V«  =  ^^^^.  a  rational  quantity,  which  is  coni^  to 
the  supposition. 

297.  If  two  quadratic  swrda  cam/not  he  reduced  to  others  which 
have  the  sa^ne  irrational  party  their  product  is  irrational. 

Let  Jx  and  ^y  be  the  two  quadratic  surds,  and  if  possible 
let  fj{xy)  =  rscy  where  r  is  a  whole  number  or  a  fraction.  Then 
xy=r^a^,  and  y  =  r^x,  therefore  ^Jy  =  rjx,  that  is,  fjy  and  Jx 
may  be  so  reduced  as  to  have  the  same  irrational  part,  which  is 
contrary  to  the  supposition. 

298.  One  quadratic  sv/rd  cannot  be  made  up  of  two  others 
which  ha/ve  not  the  same  irrational  part 

If  possible  let  ^x  =  Jm  +  tjn ;  then,  by  squaring,  we  have 
a;  =  w  +  w  +  2  ^(7?m),  and  ^(wiw)  =  ^(a;  — «>  —  «),  a  rational  quan- 
tity, which  is  absurd. 

299.  In  way  equation  x  +  ^y  =  a  +  ^/b  which  in/volves  rational 
quantities  and  quadratic  surds,  the  rational  parts  on  each  side  are 
equal,  and  also  the  irrational  parts. 

For  if  x  be  not  equal  to  a,  suppose  x  =  a  +  m;  then 

a  +  m  +  ^y-a  +  Jb, 

so  that  m+^y==^b;  thus  ^b  is  partly  rational  and  partly  a 
quadratic  surd,  which  is  impossible  by  Art  296.  Therefore  x  =  ay 
and  consequently  Jy  =  ,Jb, 

300.  If  V(a+ V6)  =  aj  +  ^y,  then  ^(a-^)  =  a;-- ^y. 
For  since  J{a  +  Jb)  =  05  +  ^y,  we  have  by  squaring 

a-h  Jb^a^-h2xjy  +  y; 
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therefore        a^of-^y^  and  Jh  =  "Ix  Jy,  (Art.  299). 
Hence  a—  ,Jb  =  x*''2x  Jy  +  y, 

and  ^/(a-^/&)  =  aJ-^/y. 

Similarly  we  may  shew  that  if 

s/{a+Jh)  =  Jx  +  ^yy 
then  J  {a  -  ^h)  =  Jx-  Jy. 

301.  Ths  aqua/re  root  of  a  hinomialy  one  of  whose  terms  is  a 
quad/ratic  surd  and  the  other  rationalj  may  sometimes  he  expressed 
by  a  binomial,  one  or  each  of  whose  term^  is  a  quadratic  surd. 

Let  a+  tjb  be  the  given  binomial,  and  suppose 

J(a  +  Jb)  ^  Jx  +  ^y. 

By  Art  300,  ^(a-  ^/6)  =  ^a? - ^/y. 

By  multiplication,       ^(a*  —  b)  =  x  —  y. 

By  squaring  both  sides  of  the  first  equation, 

a-¥jb  =  x  +  2  J{xy)-hy; 
therefore  a  =  x  +  y. 

Hence,  by  addition  and  subtraction, 

a+  ^{a'-b)  =  2x,         a-  J{a''-b)  =  2y ; 

therefore       x  =  ^{a-h  J{a'  -  5)},         3/  =  ^  {»  -  \/(a'  -  b)}. 

Thus  x  and  y  are  known,  and  therefore  ^(a  +  ^b)y  which  is 
Jx  +  Jy. 

Also  fj{a  —  ^b)  is  known,  for  it  is  Jx  —  Jy. 

302.     For  example,  find  the  square  root  of  3  +  2  J2, 

Here    a^3,  ^6  =  2^2,  a'-6  =  9-8  =  l; 

therefore         aj=!i(3  +  l)  =  2,        y=|(3-l)  =  l. 

Thus  V(3  +  2V2)  =  V2  +  V1  =  V2  +  1.      ' 

T.A.  11 
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303.  Again ;  find  the  square  root  of  7  —  2  ^10. 

Instead  of  nsing  the  result  of  Ari  301  we  may  go  through  the 
vhole  operation  as  follows  : 

Suppose  JiJ  -  2  ^10)  =  ^aj  -  Jy ; 

then,  by  squaring,       7-2^10  =  a;-2  J{xy)  +  y ; 

hence  x  +  y  =  7 .' (1), 

and  2J{xy)  =  2JlO; 

therefore  {x  +  y)*  ~  4a;y  =  49  -  (2  ^1 0)", 

that  is,  (a;  -  y)*  =  49  -  40  =  9, 

and  ic-y  =  3 (2); 

therefore,  from  (1)  and  (2),      x=^5f  and  y  =  2. 
Thus  J{7 -2  JIO)  =^J5-J2, 

304.  It  appears  from  Art.  301  that 

^-yr— ^}'  ^^-yf-^4^'}^ 

hence,  unless  a'  -  6  be  a  perfect  squarCy  the  values  of  Jx  and  Jy 
will  be  complex  surds,  and  the  expression  Jx  +  Jy  will  not  be  so 
simple  as  J{a  +  Jh)  itself. 

305.  A  binomial  surd  of  the  form  J{a\)  +  Jh  may  be  written 
thus,  Jcla+     /  ~  )  •     I^  ih&n.  a'  —  be  a  perfect  square,  the  square 

root  of  a  +  /  -  may  be  expressed  in  the  form  Jx  +  Jy  j  and 
therefore  the  square  root  of  J{a'c)  +  Jb  will  be  J/c  {Jx  +  Jy), 

306.  For  example,  find  the  square  root  oi  JZ2  +  ,^30. 
Here  JZ2  +  ^30  =  ^/2  (4  +  J\S) ; 

thus  ^(^32  +  ^30)  =  J2  X  ^(4  +  J15) ; 
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and  it  may  be  shewn  that 

Hence  V(^/32  +  ^30)  =  4/2  (^^  +  J^  =  ^  < V5  +  ^/3). 

307.  Sometimes  we  may  extract  the  square  root  of  a  quantity 
of  the  form  a-¥  Jh+  Jc-\-  Jd  by  assuming 

then     a+  ^6+  ^c+  Jd=x-hi/  +  z-¥2  4(^y)  +  2  Mj(t/z)  +  2  V(«a:); 
we  may  then  put 

2^/(a:y)=^/^         ^J{yz)=4c,         2  4{zx)^Jd, 

and  if  the  values  of  x,  j,  and  z,  found  from  tliese,  also  satisfy 
x  +  y  +  z=a,  we  shall  have  the  required  square  root. 

308.  For  example,  find  the  square  root  of 

8  +  2^^2  +  2^5  +  2^10. 

Assume    ^(8  +  2^2  +  2  ^^  +  2  ^10)  =  s/x -h  Jy -h  ^z ; 

then 

S  +  2  42  +  2J5  +  2Jl0=:^x  +  y  +  z  +  2J{xy)  +  2J{yz)  +  2  4{zx). 

Put     2  4{xy)  =  2  42,         2  4{yz)  =  2J5,         2  J{zx)=^24l0; 
hence,  by  multiplication,  Jixy)  x  J(^z)  =  ^/lO, 
and  J{zx)  =  ^10, 

therefore,  by  division,  ^  =  1  i 

hence  a;  =  2,    and    z  =  5. 

These  values  satisfy  the  equation  05  +  y  +  «  =  8. 

Thus  the  required  square  root  is  ^2  +  ^1  +  ^^5, 

that  is,  1  +  ^2  +  ^/5. 

11—2 
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309.  If  y(a  +  ^/5)  =  aJ  +  ^y,    then  ^(a  -  V^)  =  «  -  ^/y. 

For  suppose  ^{a  +  ^h)  =  x-¥  Jyi 

then,  by  cubing,  a  +  Jb  =  ix^  +  33i^Ji/  +  Sxt/  +  y^y; 
therefore        a  =  a^-h  Zocy,         Jh  =  3aj*  Jy-^y  Jy,        (Art  299); 
hence  a-  ^h  =  a?-  3aj*  Jy  +  ^xy-yjy, 

and  4/(^  -  V6)  =  a?  -  V^- 

310.  The  cube  root  of  a  binomial  a^  Jh  may  be  sometimes 
found. 

Assume  >y(a  +  V^)  =  a?  +  ^3^, 

then  ^(a  -  ^^6)  =  a  -  ^y- 

By  multiplication,    ^(a*  —  6)  =  as*  —  y. 

Suppose  now  that  a*—  6  is  a  perfect  cube,  and  denote  it  by  c*, 
thus  c  =  (x?-y  'y 

and,  as  in  Art.  309,  a  =  a'  +  Zxy. 

Substitute  the  value  of  y ; 
thus  a  =  a3*  +  3a;(a5'— c); 

therefore  AiO^  —  3ca;  =  a. 

From  this  equation  x  must  be  found  &y  tricdy  and  then  y  is 
known  from  the  equation  y  =  x^  —  c. 

Thus  it  appears  that  the  method  is  inapplicable  unless  a*  —  5 
be  a  perfect  cube;  and  then  it  is  imperfect  since  it  leads  to  an 
equation  which  we  have  not  at  present  any  method  of  solving 
except  by  triaL  The  proposition,  however,  is  of  no  practical 
importance. 

311.  For  example,  find  the  cube  root  of  10  +  ^108. 
Assume  ^/(lO  +  ^108)  =x  +  ^y, 

then  ^(10  -  ^108)  =  X'Jy. 
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By  multipHcation,  •/(lOO  - 108)  =  «» -  y, 
that  is,  —  2  =  05*  —  y. 

Also  10=aj*  +  3icy 

=  aj'  +  3a;(aj'+2); 
therefore  403*  +  6aj  =  1 0. 

We  see  that  this  equation  is  satisfied  by  x=\\  hence  y  =  3, 
and  the  required  cube  root  is  1  +  ^^3. 
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1.  Find  a  fa<5tor  which  will  rationalise  a'  -  6*. 

2.  Find  a  fiictor  which  will  rationalise  ^2  -  ^3. 

3.  Find  a  factor  which  will  rationalise  ^JZ  +  \]^, 

5.  Given  ^3  =  1-7320508,  find  the  value  of  g"^- 

6.  Shew  tlu.t(5±#H3±^(^H^     1^15. 

15 

^-  SW  that  ^io^V20W^O-Vg-V80  =  ^^<^^^^)- 


/-■ 


8.  Extract  the  square  root 

y       V  y  \/  X     X 

9.  Extract  the  square  root  of  (a  +  6)*  —  4  (a  -  6)  V(a^). 

10.  Extract  the  square  root  of  4  +  2  ^3. 

1 1.  Extract  the  square  root  of  7  —  4  a/3. 
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12.  Extract  the  square  root  of  7  +  2  ^10. 

13.  Extract  the  square  root  of  18  +  8  J 5, 

14.  Extract  the  square  root  of  75  — 12  ^^21. 

15.  Extract  the  square  root  of  16  +  5  ^7. 

1 6.  Extract  the  square  root  of  ah  +  c^+  J{{'^^  —  c*)  (5*—  c^}. 

17.  Extract  the  squai-e  root  of  —  9  +  6  ^^3. 

18.  Extract  the  square  root  of  1  +  (1  —  c')~*. 

19.  Find  the  value  of 


1+a;                  l-x           ^            J3 
1  +  V(1+*)'  1+^(1-*')"'''"  2 

20. 

Find  the  value  of 

1+a;                 1-a;          .             JS 

21.  Extract  the  square  root  of  6  +  2  ^2  +  2  ^3  +  2  ^6. 

22.  Extract  the  square  root  of  5  +  ^y  10  —  ^6  —  J15, 

23.  Extract  the  square  root  of 

15-2^3-2  715  +  6^2-2^6  +  2^5-2^30. 

24.  Extract  the  cube  root  of  7  +  5  J2. 

25.  Extract  the  cube  root  of  16  +  8  J5, 

26.  Extract  the  cube  root  of  9  ^3  -  H  ^2. 

27.  Extract  the  cube  root  of  21  ^6  -  23  ^5. 

28.  Shew  that  V  (V^  +  2)  -  ^  (^5  -  2)  =  1. 
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XX.     QUADRATIC  EQUATIONS. 

312.  When  an  equation  contains  only  the  square  of  the 
unknown  quantity  the  value  of  this  square  can  be  found  by  the 
rules  for  solving  a  simple  equation  j  then  by  extracting  the  square 
root  the  values  of  the  unknown  quantity  are  found.  Eor  example, 
suppose 

8x"-  72  +  10a"=  7  -  24ic«+  89 : 

by  transposition,  4203*  =168; 

by  division,  a;'=4; 

therefore  x  =  Ji  =  «fc  2 . 

The  double  sign  is  used  because  the  square  root  of  a  quantity 
may  be  either  positive  or  negative.     (Art.  231.) 

313.  It  might  at  first  appear  that  from  a*  =4  we  ought  to 
infer,  not  that  x  =  ^2,  but  that  ^x  =  ^2.  It  will  however  be 
found  that  the  second  form  is  really  coincident  with  the  first.  For 
±  05  =  =fc  2  gives  either  +x  =  +  2,  or  ■hx  =  —  2,  or  -'X  =  +  2j  or 
-x  =  —  2;  that  is,  on  the  whole,  either  a;  =  2,  or  a;  =  — 2.  Hence 
it  follows,  that  when  we  extract  the  square  root  of  the  two  mem- 
bers of  an  equation  it  is  sufficient  to  put  the  double  sign  before  the 
square  root  of  one  of  the  members. 

314.  Quadratic  equations  which  contain  only  the  square  of 
the  unknown  quantity  are  called  pure  quadratics.  Quadratic 
equations  which  contain  the  first  power  of  the  unknown  quantity 
as  well  as  the  square  are  called  ad/ected  quadratics.  We  proceed 
now  to  the  solution  of  the  latter. 

315.  We  shall  first  shew  that  every  quadratic  equation  may 
be  reduced  to  the  form  a^+px  =  qy  where  p  and  q  are  positive  or 
negative.  For  we  can  reduce  any  quadratic  equation  to  this  form  by 
the  following  steps;   bring  the  terms  which  contain  the  unknown 
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quantity  to  the  left-hand  side  of  the  equation,  and  the  known 
quantities  to  the  right-hand  side ;  if  the  coefficient  of  a^  be  nega- 
tive, change  the  sign  of  every  term  of  the  equation ;  then  divide 
every  term  by  the  coefficient  of  a*.  Thus  we  may  represen^any 
quadratic  equation  by 

To  solve  this  equation  we  add  7  />'  to  both  sides ;  thus 

4 


..^.^.'1.,. 


The  left-hand  member  is  now  a  complete  square;  extract  the  square 
root  of  each  member;  thus 


«  + 


f-va'-)^ 


P 
transpose  the  term  -^ ,  and  we  obtain 


X 


=-fV(f*')- 


316.     For  example,  suppose 

-  3a;" -f-36iB- 105  =  0; 
transpose,  -  3aj*+  36a;  =  1 05  ; 

change  the  signs,  Saf—  36aj  =  —  1 05 ; 

divide  by  3,  a;*-  12a;  =  -  35 ; 

/12\* 
add  to  both  sides  ( -o~ )  >  *^^*  ^s,  36 ;  thus 

a;»-12a;-f.36  =  36-35  =  l; 

extract  the  square  i-oot  of  both  members;  thus 

a;-6  =  ±l. 

Therefore  a;=6±l;  that  is,  a?  =  7,  or  5.  If  either  of  these 
values  be  substituted  for  x  in  the  expression  —  30*4-  36a?— 105,  the 
result  is  zero. 
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317.  Hence  the  following  rule  may  be  given  for  the  solution 
of  a  quadratic  equation : 

By  transposition  and  reduction  arra/nge  the  equation  so  that 
the  terms  involving  the  urihnown  quantity  a/re  alone  on  one  side, 
and  the  coefficient  of  "x^  is  +  1 ;  add  to  both  sides  of  the  equation 
the  square  of  half  the  coefficient  ofxj  a/nd  extract  the  squa/re  root  of 
both  sides, 

318.  As  another  example  we  will  take 

aaf+hx  +  c  =  0'y 
transpose,  aa?+  bx  =  —  e; 

1*    •  1     «  a      OQG  C 

divide  by  a,  ar  +  —  =  —  : 

•^  a        a 

b      ±^(6"  -  4ac> 

extract  the  square  root,  as  +  ^  =    ^    ^ ^ ; 

j^a  j^a 

--b^Jib^--iac) 
transpose,  x  = ^ . 

319.  When  an  example  is  proposed  for  solution  instead  of 
going  through  the  process  indicated  in  Art.  317,  we  may  make  use 
oi  ihe  formula  in  Art.  318.  Thus,  take  the  example  in  Art  316, 
namely,  —  3a;*  +  3  603  — 105  =  0,  and  by  comparing  it  with  the  formula 
in  Art.  318  we  see  that  we  may  suppose  a  =  —  3,  6  =  36,  c  =  — 105. 
Hence  if  we  put  these  values  for  a,  b,  and  c  in  the  result  of 
Art.  318,  we  shall  obtain  the  value  of  x.     Here 

6«-4ac  =  (36)»-12x  105  =  36; 

thereforo  x  = ^ —  =  7,  or  5. 

—  o 

320.  For  another  example  take  the  equation 
add  (ly,  »"-6aj+9  =  9~2  =  7; 
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extract  the  square  root,    x  —  3  =  ^  Jl^ 
transpose,  a?  =  3  =t  Jl. 

Here  J7  cannot  be  found  exactly;  but  we  can  find  an  ap- 
proximate value  of  it  to  any  assigned  degree  6i  accuracy,  and  thus 
obtain  the  value  of  x  to  any  assigned  degree  of  accuracy. 

321.  In  the  examples  hitherto  considered  we  have  found  two 
different  roots  of  a  quadratic  equation ;  in  some  cases  however  we 
shall  find  really  only  one  root.  Take  for  example  the  equation 
03*  —  12a;  +  36  =  0 ;  by  extracting  the  square  root  we  have  aj  -  6  =  0, 
and  therefore  aj  =  6.  It  is  however  convenient  in  this  case  to  say 
that  the  quadratic  equation  has  two  equal  roots, 

322.  If  the  quadratic  equation  be  represented  by 

ax^  +  6aj  +  c  =  0, 
we  know  from  Art.  318  that  the  two  roots  are  respectively 

2a  2a 

Now  these  will  be  different  unless  5^-4ao  =  0,  and  then  each  of 

them  is  —  t^-.     This  relation  h^  -  iac  =  0  is  then  the  condition  that 

2a 

must  hold  in  order  that  the  two  roots  of  the  quadratic  equation 
may  be  equal. 

323.  Consider  next  the  example  a;*  —  10a;  +  32  =  0. 

By  transposition,         a;*  —  1  Oa;  =  —  3  2 ; 
by  addition,  a;"  -  10a;  +  25  =  25  -  32  =  -  7. 

If  we  proceed  to  extract  the  square  root  we  have 

a;-5  =  ±^-7. 

But  the  negative  quantity  —  7  has  no  square  root  either  exact  or 
approximate  (Art.  232);  thus  no  real  value  of  x  can  be  found  to 
satisfy  the  proposed   equation.     In   such  a   case  the  quadratic 
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equation  has  no  real  roots;  this  is  sometimes  expressed  by  saying 
that  the  roots  are  imaginary  or  impossible.  We  shall  return  to 
this  point  in  a  subsequent  chapter.     See  Chapter  xxv. 

c 

324.     If  the  quadratic  equation  be  represented  by 

ace*  +  6a5  +  c  =  0, 

"we  see  from  Art.  318  that  the  roots  are  reed  if  6*  —  4ac  is  positive, 
that  is,  if  6'  is  algebraically  greater  than  4ac,  and  that  the  roots 
are  impossible  if  6'  —  4ac  is  negative,  that  is,  if  h^  is  algebraically 
less  than  4ac, 
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1. 

3. 
5. 
7. 

9. 

11. 

13. 
15. 
17. 
18. 
19. 
20. 
21. 
23. 

24. 


a3*-5a;  +  4  =  0. 

2a;'-7a;  +  3  =  0. 
a:»+10a;  +  24  =  0. 

14a; -0^  =  33. 
a;«-3  =  i(a;-3). 


2.  6a;*-- 13ic+ 6  =  0. 

4.  3a;* -7a;  =  20. 

6.  3a;*  -  53a;  +  34  =  0. 

8.  7a;*- 3a;  =  160. 

10. 

12.  4(a;*-l)  =  4a;-l. 

14.  .  780a;*- 73aj  + 1  =  0. 

16.  (3a;  -  2)  (a; -1)  =  14. 


2irV  2a;- 1  =  0. 


110a;*- 21a;  + 1=0. 

(a;-l)(a;-2)  =  6. 

(3a;  -  5)  (2a;  -  5)  =  (a;  +  3)  (a;  - 1). 

(2a; +1)  (a; +  2)  =  3a;* -4. 

(a; +1)  (2a; +  3)  =  4a;* -22. 

(a;  - 1 )  (a;  -  2)  +  (a;  -  2 )  (a;  -  4)  =  6  (2a;  -  6 ). 

(2a; -3)*  =  8a;.  22,     (5a;  -  3)*  -  7  =  44a;  +  5, 

(a;- 7)  (a;- 4)  +  (2a;- 3)  (a;- 5)  =  103. 

=rar  +  ^a;  +  :r-r-r-  =  0. 
7         5        140 


5.  ' 
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KTUtrLEB  or  QCADKAZK8L       CKAFTEB 


"•  H)H)K'-»)H)-('-DH)- 


i       X       Z       X 


27.   ^(«+l)-i(2a?+«-l)  =  ^(*+lX 


28.    to+ll+I=^lt«^, 


^-    f-.^^'^- 


x     6  4 


21       X 
b-x     f 


31.   ^^^-^=3f 


32. 


36, 


38, 


40. 


2(«'-ly     4(a;  +  l)"8' 
40  3  (10  + a;) 


34,     ^  + 


.15      3(10-a:) 


95 


35     ??+   3«-50       12aj  +  70 


15     3  (10  + a;)""       190 

a;  +  2     4-aj_7 
a?-!"  "2«""3' 

a;-6      a;-12  _5 
a;-.12      aj-6  ""6* 

aj  jf2     a?  -  2  _  5 
a?"^"aT2""6' 


.rt        »        3     a;-l 

42.      r  =  -A  + 


oj-l     2 

44.      r-  + 


a; 


12 


aj+1     a5  +  2     a;+3* 

lA     ^'^"^     3a?~5  _  5 
3a?-5"^2a;-3~2' 


33. 


2(a;-l)     a^-1     4 


ofr     af-5x  „     1 

37.     s-  =  a"-3  +  - 

a;+3  a; 

a;  +  4    a;-4_10 
X  — 4    a;  +  4      3 

X        x+l      13 

41.       r+  =-^ 

a;+ 1        x         o 


/43. 


47. 


1 


aj-2     a  +  2     5* 


5        3       U 

4o.    ?^  +  -  = 


aj  +  2     X     a;  +  4' 
3a:-2    2x^-5    8 


2x'-5    3a?-2    3' 

ifl     ^-^^     a?- 3     2a? -3  .       a;~2     a;  +  2  _2(a?+3) 

aj+2     aj-2      aj-1  x  +  2     aj-2       aj-3 


50.     10(2a  +  3)(aj  -  3)  +  (7aj  +  3)"  =>  20  (a:  +  3)(aj-  1). 
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51.  (7-4V3)ic'+(2-V3)a  =  2. 

52.  aj'-2aa:  +  a*-6"=a 

53.  (3a«  +  6»)  (aj*-  »+  1)  =  (36'  +  a»)  ((b*  +  a?  + 1). 

54.  aj'-2aaj+6'  =  0. 

55.     + r  + =  0. 

x—a     x—o     x  —  c 

56      7 7w c+7 ^. rr  =  7 w r  + 


(x-h)(X'-c)     {a  +  c){a  +  h)     {a+c){x-c)     {a+b){x-b) 

K^  1  111 

57.    1 —  =  -  +  5-  +  -. 

a+o+x     a     0     X 

ty    58.     (aa;-6)(6a5-a)  =  c*. 

rA        »            6           2c 
J       59.    + r= • 

03  — a       35  —  0        OJ  — c 

CO.     cM  + = 15 . 

c  <r  c 

^v,      aj  +  a     03  +  6     aj  +  c     « 

61.    + r+ =  3. 

x  —  a     X—  0     05—  e 

^rt     a  +  c(a4-a5)     a +  05  a 

62.     ) (  + = ^r—  . 

a  +  c(a— 05)        X         a  —  zcx 


XXI.     EQUATIONS  WHICH  MAY  BE  SOLVED 

LIKE  QUADRATICS. 

325.  There  are  many  equations  which,  though  not  really 
quadratics,  may  be  solved  by  processes  simil^ir  to  those  giren  in 
the  preceding  chapter.     For  example,  suppose 

«*-9ic"  +  20  =  0. 
Transpose,  a?*  —  Qas*  =  —  20 ; 

by  addition,  aj*-9aj»  +  (|y  =  (^^-^^^\> 
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extract  the  square  root,  oj*  —  ^  =  ±  -  ; 

9      1 
therefore  **  =  o  ^  5  ~  ^>  ^^  ^  i 

therefore  x  =  ^J5y  or  ±2. 


326.     Similarly  we  may  solve  any  equation  of  the  form 

Transpose,  ax^""  +  605"  =  -  c ; 

5a;"         c 


divide  by  a,  a?'"  + 


a  a 


byaddition,       «-+^\  (0=  (^J-^  =      ^^,     , 
extract  the  square  root,    a;  +  ^  =  — ^^^-^^^ ; 

therefore  a;"  =  ^^ s/\    "  ^  )  ^ 

2a 

Hence  by  extracting  the  n^^  root  the  value  of  aj  is  known. 

327.  Suppose,  for  example, 

x  +  4:  Jx=2\ ; 
therefore  a;  +  4  Jx  +  4  =  25 ; 

therefore-  ^^aj  +  2  =  ±  6  ; 

therefore  ^aj  =  -2±5  =  3,  or  -7; 

therefore  a;  =  9,  or  49. 

328.  Again,  suppose 


x"^  +  X 


therefore 


-*=6; 


therefore  a?"'  "^  9  ~  "9"  ^ 
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i 


therefore  a;"'  =  -  -  ±  -  =  2,  or  —  3 ; 

therefore  x"^  =  4>  or  9, 


and  *-'7»   ^^  q* 


329.  Suppose  we  require  tlie  solutions  of  the  equation 

x  +  ^{5x+10)  =  S. 

By  transposition,       ,J{5x  +  10)  =  8  —  oj  ; 
square  both  sides ;  thus 

5»+10=64-16a:  +  a;'; 

therefore  a;*  —  21a5  =  —  54; 

therefore  a'  -  21a;  +  f -^  j  =  f -^  j  -  54  =  -j-  ; 

therefore  a;  — -  =  db  —  j 

therefore  a;  =  -^  ±  -^  =  18,  or  3. 

Substitute  these  values  of  x  in  the  left-hand  side  of  the  given 
equation;  it  will  be  found  that  3  satisfies  the  equation  but  that  18 
does  not;  we  shall  find  however  that  18  does  satisfy  the  equation 

«-V(5aj+10)  =  8. 

In  fact  the  equation  5a; +10=64  — 16a:  +  a;*  which  we  obtained 
from  the  given  equation  by  transposing  and  squaring  might  have 
arisen  also  from  a;—  ,J(5x  +  10)  =  8.  Hence  we  are  not  sure  that 
the  values  of  x  which  are  finally  obtained  will  satisfy  the  proposed 
equation;  they  may  satisfy  the  other  form, 

330.  Again,  consider  the  example 

aj-2^(a;"  +  a;  +  5)-14  =  0. 
By  transposition,  aj  —  14  =  2  ^^(a;'  +  x+5); 
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by  squaring,  fic*  —  28a;  +196  =  ^0^ +  ix  + 20; 

therefore  3a^  +  32aj  =  1 76. 

-44 
From  the  last  equation  we  shall  obtain  a;  =  4,  or  — q~  •     I*  '^'^9 

however,  be  found  on  trial  that  neither  of  these  values  satisfies  the 
proposed  equation ;  each  of  them  however  satisfies  the  equation 

a;+ 2  V(«* +  «  +  S)  - 14  =  0. 

From  this  and  the  preceding  example  we  see  that  when  an 
equation  has  been  reduced  to  a  rational  form  by  squaring,  it  will 
be  necessary  to  examine  whether  the  roots  which  are  finally 
obtained  satisfy  the  equation  in  the  form  originally  given. 

331.  Suppose  that  all  the  terms  of  an  equation  are  brought  to 
one  side  and  the  expression  thus  obtained  can  be  represented  as 
the  product  of  simple  or  quadratic  factors,  then  the  equation  can 
be  solved  by  methods  already  given.     For  example,  suppose 

(aj -(?)(»'- 3aa;  + 2a*)  =  0. 

The  left-hand  member  is  zero  either  when  aj— c  =  0,  or  when 
a;*  —  3aa;  +  2a*  =  0 ;  and  in  no  other  case.  But  if  a;  —  c  =  0,  we 
have  x  =  c;  and  if  a;*  -  3aa;  +  2a*  =  0,  we  shall  find  that  x  =  a,OT  2a. 
Hence  the  proposed  equation  is  satisfied  by  x  =  c,  or  a,  or  2a; 
and  by  no  other  values. 

332.  Facility  in  separating  expressions  into  factors  will  be 

acquired  by  experience ;  some  assistance  however  will  be  furnished 

by  a  principle  which  we.  will   here   exemplify.      Consider  the 

example 

x{x  —  cf=a{a  —  cf. 

Here  it  is  obvious  that  x  =  a  satisfies  the  equation ;  and  we  shall 
find  that  if  we  bring  all  the  terms  to  one  side  x  —  a  will  be  a  factor 
of  the  whole  expression.     For  the  equation  may  be  written 

a;"-a^-2c(a;»-.a»)  +  c'(aj-a)  =  0^ 

that  is,  (a;-a){a^  +  aa;  +  a*-2c(aj4-a) +c*}  =  0. 
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Hence  the  other  roots  besides  a  will  be  found  by  solving 
the  quadratic 

ic"  +  oo;  +  a*  -  2c  (a?  +  a)  +c'=  0. 

In  this  manner  when  one  root  is  obvious  on  inspection,  we 
may  succeed  in  arranging  the  equation  in  the  manner  named  in 
Art.  331. 

333.  We  will  now  add  some  miscellaneous  examples  of  equa- 
tions reducible  to  quadratics. 

(1)  Suppose 

aj"-  7a:  +  V(«' -  7a:  +  18)  =  24. 

Add  18  to  both  sides ;  thus 

a:'-7aj+ 18  + V(aj"-7aj  +  18)  =  42; 

complete  the  square ;  thus 

aj»-7a5+18  +  7(a:«-7a;+18)  +  i=42l=i|^; 

1        13 
therefore  ^{^  -  7aj  +  18)  +.^-  =  *t  -  - ; 

therefore  ^(a;*-7a3  + 18)=  6,  or -7; 

therefore  a;*- 7a;  +  18  =  36,  or  49. 

Hence  we  have  now  two  ordinary  quadratic  equations  to 
solve.  We  shall  obtain  from  the  first  a;  =  9,  or  —  2,  and  from  the 
second  a;  =  ^(7  ±^173).  It  will  be  found  on  trial  that  the  first 
two  only  are  solutions  of  the  proposed  equation ;  the  others  apply 
to  the  equation 

a?^^x^-  J(a?  -  7a:  +18)  =  24. 

(2)  Suppose 

aj*  +  a:®-4a;*+ as  + 1  =  0. 

Divide  by  05";  thus 

a:"  +  a5-4  +  -+-i  =  0: 

T.  A.  12 
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or  a;"  +  -5  +  a5  +  --4  =  0: 

therefore  (a;  +  --j  +  (a;  +  -j -6  =  0; 
therefore  (x  +  -j  +  ( a;  +  -  J  s  6, 

and  («:  +  i)V(a,+  l)+l=6i=?^; 

therefore  x  +  -  +7;  =  ±77; 

a     2        2 

1 

therefore  a;  +  -  =  2,  or  -  3, 

X 

First  suppose  «;  +  --  =  2; 

therefore  a:*  —  2aj  +  1  =  0 ; 

therefore  a;  =  1. 

Next  suppose  a;  +  -  =  —  3  j 

therefore  a;*  +  3a;  =  —  1 ; 

therefore  a'*+3aj  +  T=T  —  1  =  tj 

4     4  4 

3          /5                 —  3  ±  /5 
therefore  aj+^=±^,  anda;= k^^ - 


(3)     Suppose 

a;*  +  3aj  + 1  =  3aj'  +  ^  x', 

4a;* 
Transpose  a;*  —  3a;®  +  3a;  + 1  =  -^ ; 


therefore 


therefore 
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9    "■   36"* 


therefore        (aj*- -»- j  - 2  (^'--r)  + 1  =  -r-  "*" 
Extract  the  square  root,  then 

We  have  now  ordinary  quadratics,  namely,  x' 1  =  -- 

2  6 

Sa?  Sfa! 

and  a3'--„--l  =  — -^.      From    the    former    we    shall    obtain 
2  0 

a;  =  J  (7  ±  ^85),  and  from  the  latter  a;  =  J  (1  ±  ^10). 

(4)  Suppose 

6x  y/x  —  llx  +  Q  Jx—1=0. 

We  may  write  the  equation  in  the  form 

(a:-  3  ^xy+  2{x-'3jx)  +  l==x\ 

Hence  a;  —  3  Jx  +  1  =  ±  aj. 

Take  the  upper  sign  ;  thus 

x  —  3  ^x  +\—X'y 

therefore  ^Jx  =  -x  ,  and  a;  =  ^  . 

Take  the  lower  sign;  thus 

a:— 3^a;  +  l  =  — a;; 
therefore  2a;  —  3  ^Jx  +  1  =  0. 

From  this  we  obtain  ^x=\y  or  ^,  and  therefore  a;  =  1,  or  —  . 

(5)  Suppose 

a;  +  c  +  y(a;'-c')  _9  (a;  +  c)  .. 

^  x  +  c-jl^-d")"     ST" ^  ^* 

In  solving  this  equation  we  shall  employ  a  principle  which 
often  abbreviates  algebraical  work, 

12—2 


^p 
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Suppose  that  X  ~     » 

then  will 

a^-h     'p^-q  a  —  hp  —  n  a  +  6     P^q 

b  q    *  h  q     *         a  —  h     p  —  q' 

For  the  first  of  these  three  results  is  obtained  by  adding  unity 
to  each  of  the  given  equal  quantities^  the  second  is  obtained  by 
subtracting  unity  from  each  of  the  given  equal  quantities,  and  the 
third  result  is  obtained  by  dividing  the  first  by  the  second.  Each 
result  is  sometimes  serviceable.  For  the  present  example  we 
employ  the  last.     Thus  from  (1)  we  deduce 

2(x  +  c)    __  9x+l7c 
2^(a:»-c')~    ^Jx  +  c   ' 

Square  both  sides,  and  simplify  the  left-hand  member ;  thus 

x  +  c     (9x+l7c)' 


x  —  c       (9x  +  cf 


(2). 


Again,  by  employing  the  third  of  the  above  results  we  deduce 
from  (2) 

X  _  (9a;  +  17c)'  +  (9a;  +  c)'  ^  (9a;  +  17c)'  -f  (9a;  +  c)' 
c  ■~(9a;  +  17c)'-.(9a;  +  c)'~       16c(18a;  + 18c)       ' 

By  reducing,  we  obtain 

63a;'-18a;c-145c'=0, 

^  ^        ^^.  5c  29c 

and  from  this,  a;  =  -^ ,  or  a;  =  —  -^    . 

(6)     Suppose 


Ti-anspose;  thus 


^V(l-4a:)-y(^^-a;)=V(3a«:-4 
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By  squaring,    -j-  (1  - ^^) -  3a ^(1  -  4a;)  .  /(-t" -^)=  3aa5 -  -^ 


=-xa-44 


Divide  by  ^{1  —  4a;)  ;  thus 

9a*+3a    „,      .  x     «         //3a 


V(l-4a;)  =  3ay(^-a:). 


By  squaring,       (1  +  3a)'  (1  -  4a;)  =  1 6  (^  -  x)  ; 

the'efore  4a;  {(1  +  3a)'  -  4}  =  (1  +  3a)'  - 1 2a  =  (1  -  3a)' ; 

tlieefore  4a;(3a  +  3)(3a-l)  =  (3a-l)'; 

3a-l 


tlieefore  x  = 


12  (a +  1)* 


^80  corresponding  to  the  factor^(l  -  4a;),  which  was  removed, 

we  lave  the  root  a;  =  - . 

4 

Dhis  example  is  introduced  in  order  to  draw  the  attention  of 
thetudent  to  the  circumstance  that  when  both  sides  of  an  equa- 
tiomre  to  be  squared,  an  advantageous  arrangement  of  the  terms 
on  oposite  sides  of  the  equation  should  be  made  before  squaring. 
If  i  this  example  as  it  originally  stands  we  square  both  sides,  no 
teni  will  disappear ;  but  by  transposing  before  squaring  we  ob- 
tain result  in  which  —  x  occurs  on  both  sides,  and  may  therefore 
be  mcelled. 

')     Suppose 

V(aj'+9)  +  V(a;'-9)=V(34)  +  4. 

^e  have  identically 

aj'+9-(a;'-9)  =  18  =  34~16. 

[ence,  dividing  the  members  of  this  identity  by  the   cor- 
re«pding  members  of  the  proposed  equation^  we  obtain 

^(a;'+9)-V(a;'-9)  =  V(34)-4. 
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Therefore,  by  additioD,  J(7?  +  9)  =  ^(34) ; 
therefore  a*  =  25,     and  a;  =  ±5. 

This  equation  is  introduced  for  the  sake  of  illustrating  tie 
artifice  employed  in  the  solution.  This  artifice  may  often  be  en- 
ployed  with  advantage ;  for  instance,  example  (6)  may  be  sol-ved 
in  this  way. 

(8)  '^(2-+4)-V(2-a>)  =  ^^^9^). 

We  may  write  this  equation  thus, 

The  factor  J{2x  +  4)  —  2  ^(2  -  x)  can  now  be  removed  fi^ 
both  sides ;  thus  we  obtain 

V(9aj'  +  16)  =  2  {V(2aj  +  4)  +  2  ^(2  -  x)}. 

By  squaring,        9aj"  + 16  =  4  {12- 2a;  +  4  ^/(8-2a;^}; 

therefore  a;*  +  8a;  =  4  (8  -  2aj*)  + 16  ^(8  -  2a;*) ; 

therefore        a;"  +  8a;  + 16  =  4  (8  -  2a;*)  + 16  ^(8  -  2a;")  +  16. 

Extract  the  square  root ;  thus 

±(a;  +  4)  =  2V(8~2a;»)  +  4. 

The  solution  can  now  be  completed ;  we  shall  obtain 

a;  =  ± — ^  • 
3    ' 

and  also  a  pair  of  imaginary  values. 

Also,  by  equating  to  zero  the  factor  J{^x  +  4)  -  2  J{2  u), 
which  was  removed,  we  shall  obtain  05  =  ^. 

It  will  be  seen  that  very  artificial  methods  are  adopted  in  jne 
of  these  examples;  the  student  can  acquire  dexterity  in  ^g 
such  transformations  only  by  practice.  More  examples  wjbe 
found  in  Chapter  uv. 
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./» '.. 


EXAMPLES  OF  EQUATIONS  BEDUCIBLE  TO   QUADBATICS. 

1.     3aj  +  2Va;-l  =  0.  *  2.    «*?+ 31aj»=32. 

*     3.     3aJ»+ 42a;*  =3321.  4.     a^- 13a:^-=  14. 


26. 


5.     a;*-35aj"+ 216  =  0.  6,  »"-«"  + 2  =  0. 

7.     a;  +  2V(««)+c  =  0.  8.  3«*  -  7a:»  =  43076. 

23!"  1  5 

9.     3x"4^a:"  +  ^,  =  16,  10.  »*  +  — .=3J. 

V*  2aj* 

11.     ^(2a;)-7a?  =  -52.  12.  a;*- Ua?" 4-40  =  0. 

13.     2aj+V(4aj+8)  =  ^,  14.  2^aj+-~=5. 

15.     aj*  +  5a;*-22  =  0.  16.  3a;* -4a;' =  7. 

17.     a;  +  5-V(a;  +  5)  =  6.  18.  2{af-hx'^)  =  5. 

19.     V(2a?+7)  +  V(3a;-18)  =  ^(7a;  +  l). 

^^-   ■;/^^::3r-'^(^^^^-7(^::^^ 

21.  Jia-^-x)  +  J{a^x)  =  ^^. 

22.  ^(a;  +  9)  =  2^a;-3. 

23.  aj+V(5a:+10)  =  8.  24.  2'*V4'=80. 

25.      (a*  +  a;*)*  =  (a*  +  a;*)*. 

Jja-^x)  J  {a  -  a;) 

?     28.     (a  +  6)V(a'  +  6'  +  aO-(«-6)V(a'  +  6'-aO=«'+^'- 
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30.     2x  +  J(2  +  2x)=zc{l-x). 

nn  a  —  X  a-¥x         ^    . 

Ja-^J{a'-x)'^  Ja-¥j{a-\-xy^^' 

J{x  +  2a)^J{x'-2a)^  gn 
J{x  -  2a)  +  J{x  +  2a)     2a ' 

33.  V(«  +  8)-^(a5+3)=^a?. 

34.  J{x  +  Z)-^J{X'hS)=^5jx. 

a^-a*     a?'  -f  g'  ^  34 
of  +  a'     a^^  —  a'"  15' 

36.  J{a-^hx')'-^a  =  e^{bx'). 

37.  J{x+i)''Jx=^(x-¥^. 

.1.1/.  or.     '850     a^ix^-a*) 

38.  aj«  +  -!5-a' — -,  =  0.  39.     ooT  =  "A s"^' 

a;  a  931         x  —a 

^^-      ^{«'  +  l)-V(«^-l)^V(»'+l)  +  ^/(a^-l)     *^^*        ^• 

x  —  2       x  +  l  a-hx       a-x 

43.     J{1  -  a  +a^-  >/(!  +  a; +  aj»)  =  m. 

•     a^-^(a:'-l)     «  +  V(a^-l)" 
45.     ^(a;'  -  3aa;  +  a")  +  ^(a'  +  3aa;  +  a")  =  ^(2a*  +  2V). 

//6       \      l  +  aj" 

47.    'nj{^^')-Y^{iJx^;:jx\=(i. 

48.  ^/«'+^/{«-^/(l-aJ)}=l. 

49.  (aj  +  a)*  -  (a;  -  a)»  =  242a*. 


50. 


a:'  +  1  /6 

a:*  -  1  V  gs 
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25a:'-16     3(a?'--4) 
10a;  +  8    ""    2a;-4    ' 

53.    V(2«  +  9)+V(3a;-15)=:V(7a;  +  8). 

f    65.    J{!>f  +  ix-\)-\-J{3?  +  x+\)  =  J2+JZ. 
]    56.    J{!if  +  ax-l)  +  J{iii?  +  hx-\)  =  Ja  +  Jb. 

59.     {x  —  c^ioc  —  h){x -  c)  +  a6c  =  0. 
1  1  4a? 


60. 


1— oj     l+o;     l+x 


« • 


61.      L_=r+ ^  +  ?— 5-+ ^  =  0. 

x  +  a-\-o     x  —  a  +  o     x+a  —  o     x  —  a  —  b 

^-      (a  — a;)(aj  +  m)      (a  +  a5)(aj  — m) 

oJ.     ^ = • 

x+n  x—n 


ex 
ah  * 


63.  f^'=l  + 
\a  — a?/ 

64.  2a;+  1  +  aj  J{^  +  ^)  +  (a;+  1)  J{x*  +  2aj+  3)  =  0. 
^^.  aj*  +  3  =  2  ^(aj»  -  2aj  +  2)  +  2x. 

66.  a:'  +  5a;+4  =  5^(aj"  +  5aj  +  28). 

67.  ^(aj«-2aj  +  9)-j  =  3-a?. 

68.  3a;*+  15aj-2  ^(aj'^  5aj+  1)  =  2. 

69.  (a;+5)(a;-2)  +  3V{aj(aj+3)}  =  0. 

70.  a;'  +  3-^(2aj'-3a;  +  2)  =  |(«  +  l). 

\  71.  a?(a;+l)  +  3^(2aj»+6aj  +  6)  =  25-2a:. 
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73.     aj*-aj  +  3V(2iB*~3a:  +  2)  =  |4-7. 


^^'      i ^  =  5  —  05  —  flc". 

1  ■VX-'rTf 


75.  {x  +  «)(«  +  2a)(a;  +  3a)  {x  +  4a)  =  c*. 

76.  16a;  (aj  + 1)  (a?  +  2)  (a?  +  3)  =  9. 


90. 


a'  +  ax  +  x*     a* 


77.     -i J  =  -5-  ■   78.     a  =  a;*  +  (l-aj)*. 

a  —ax  +  x       or  ^         ' 

79.  aj*~2a;'  +  aj  =  a.  80.     a;*- 2a;' +  a:  =  132. 

81.  V^+V(aJ  +  7)  +  2^(a;*  +  7a;)  =  35-2a;. 

82.  a;"  -  8  (a;  +  1)  ^a;  +  18a;  +  1  =  0. 

83.  2(a;'  +  aa;)*+^a;  +  ^(a+a;)  =  5-2a^ 

84.  a;*  +  2a^-lla;"  +  4a;  +  4  =  0, 

85.  a;*  +  4a'a;  =  a*. 

86.  a;*  +  aa;'+6a;"+ca;  +  -5  =  0. 

a 

-  y('-i)-yo-^)='-i^- 


a;*  4-1       1 


(a;+l)*"2* 
91.     a;'+l=0.  92.     wa;'  +  a;  +  w  + 1  =0, 

93.  (a;-2)(a;-3)(a;"-4)  =  1.2.3. 

94.  (a;-l)(a;-2)(a;-3)-(6-l)(6-2)(6-3)  =  0. 
^  95.    (x-l){x-2){x-3)  =  U. 
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96.     6aj'-5aj'  +  a;  =  0.  97.     x'  +  x'-ix^i^O. 

98.       -+-+-j=l  +  -+-a. 

a     X     ar  a     a 

99.     8a:'+16aj=9.  100.     a;»-^=lt. 

101.  a;  (aj*  -  2)  =  m  {x'  +  2»ia;  +  2). 

102.  (a:'-a')(a;  +  a)6  +  (a*-6*)(a  +  6)a;  +  (6'-a;»)(6  +  a;)a  =  0. 

103.  a:' +j?a5*+fp-l +-—[-)«  + 1  =  0. 

104.  (/?~l)V+j?aj»+/'j9-l  +  --^)a;+l=0. 

105.  3a;' +  8a;* -8a;"  =3. 


XXII.     THEORY  OF  QUADRATIC  EQUATIONS  AND 

QUADRATIC  EXPRESSIONS. 

334.     A  qv^adratic  equation  cannot  have  more  than  two  roots. 

For  aoy  quadratic  equation  will  take  the  form  aoc^  +  6a?  +  c  =  0 
if  all  the  terms  are  brought  to  oue  side  of  the  equation;  and  then 
by  Art.  318  the  value  of  x  must  be  either 

2a  ''''  2a 

that  is  the  value  of  x  must  be  one  or  the  other  of  two  quantities. 

The  result  is  sometimes  obtained  thus.  If  possible  let  three 
different  quantities  a,  fi,  y  be  roots  of  the  quadratic  equation 
aM*  +  6a?  +  c  =  0 ;  then,  by  supposition, 

aa*  +  6a  +  c=0,     ajS*  +  6)5  +  c  =  0,     ay'  +  6y  +  c  =  0. 

By  subtraction, 
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divide  by  a  —  )5  whicli  is,  "by  supposition,  not  zero ;  thus 

Similarly  we  have     a  (a  +  y)  +  6  =  0. 

By  subtraction,  a  ()8  —  y)  =  0 ; 

this  however  is  impossible,  since  by  supposition  a  is  not  zero,  and 
jS  —  y  is  not  zero.  Hence  there  cannot  be  three  different  roots 
to  a  quadratic  equation. 

335.  In  a  qtuidrcUic  equation  where  the  coefficient  of  the  first 
term  is  unity  and  the  terms  are  all  on  one  side,  the  sum  of  tlie  roots 
is  eqvul  to  the  coefficient  of  the  second  term  unth  Us  sign  cJianged, 
and  the  product  of  the  roots  is  equal  to  the  last  term. 

For  the  roots  of  aa?  +  6aj  +  c  =  0  are 

hence  the  sum  of  the  roots  is  — ,  and  the  product  of  the  roots  is 

a 

^27"^ -,  that  is,  -.     And  by  dividing  by  a  the  equation 

osc     c 
may  be  written  ic"  +  —  +  -  =  0 ;  and  thus  the  proposition  is  esta- 
blished. 

336.  Let  a  and  P  denote  the  roots  of  the  equation 

005*  +  605  +  c  =  0 ; 

he. 
then  a  +  ^  = and  a)S  =  - .  These  relations  are  useful  in  finding 

the  values  of  expressions  in  which  a  and  ^  occur  in  a  symmetrical 
manner.     For  example, 

I-      \      i-f         '^     a       a 

%Jb 

1      1      g-fff  "he        h 
a     p"    a^   "     a     a        c* 
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337.  We  have 

t         a      a) 

b         c 
now  put  for  -  and  -  their  values  in  terms  of  a  and  B:  thus 
''  a         a 

oaf  +  6a;  +  c  =  o  {«*  —  (a  +  )3)  35  +  a)3}  ^  a  (aj  —  a)  (a?  -  )3). 

Thus  the  expression  ax'  +  bx-^c  is  identical  with  the  expres- 
sion a  (oj  —  a)  (a;  —  j8)  j  that  is,  the  two  expressions  are  equal  for 
all  values  of  os. 

Hence  we  can  prove  the  statement  of  Art.  334  in  another 
manner.  For  no  other  value  of  x  besides  a  and  P  can  make 
(x  —  a)(x  —  P)  vanish ;  since  the  product  of  two  •  quantities  cannot 
vanish  if  neither  of  the  quantities  vanishes. 

The  student  may  naturally  ask  if  the  identity 

aa? -\-  bx'-^  c  =  a {x  —  a) (x - P) 

holds  in  those  cases  alluded  to  in  Art.  323,  where  the  roots  of 
ax^  +  605  +  c  =  0  are  impossible;  we  shall  return  to  this  point  in 
another  Chapter. 

338.  The  student  must  be  careful  to  distinguish  between  a 
quadratic  equation  and  a  quadratic  expression.  In  the  quadratic 
eqiuUion  aa?  +  &»  +  c  =  0  we  must  suppose  x  to  have  one  of  two 
definite  values,  but  when  we  speak  of  the  quadratic  eocpression 
aa?  -^-bx  +  Cy  without  saying  that  it  is  to  be  equal  to  zero,  we  may 
suppose  x  to  have  any  value  we  please. 

339.  We  have 

aoi?  '¥bx  +  c^a\Qc?-{-  —  +-> 

(         a      a) 

f/        b\    c       V\        (f        by    b'-iac) 

6*  — 4a<; 
Kow  first  suppose  that  6*— 4ao  is  negative;  then  — —^ —  is 

also  negative;   hence   (^+9—) 7711 —   is  necessarily  positive 
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for  all  real  values  of  x.  In  this  case,  aaf  -^bx  +  c  being  equal  to 
the  product  of  a  into  some  positive  quantity  must  have  the  same 
sign  as  a.  Thus  if  b'  —  iae  be  negative,  ax'  +  bx  +  c  has  the 
same  sign  as  a  for  all  real  values  of  x, 

Next  suppose  that  6'  — 4ac  is  «ero/  then 

b 


ax'  +  bx  +  c 


=  K*'"2i)' 


Here,  as  before,  aa;*  +  6a3  +  c  has  the  same  sign  as  a;  in  this 
case  the  expression  aa^  +  bx  +  c  is  a  perfect  aqaare  with  respect 
to  Xy  and  its  square  root  is 

Lastly,  suppose  that  6'  -  ^ac  is  positive ;  then 

=  a{x-a){x'-P), 
where  a  and  )8  are  both  real  quantities,  namely, 

a  =  ^A±^f^M  and  ^  =  :iAz4^.^lM. 

2a  '^  2a 

The  expression  a{x  —  a)(x~  P)  must  have  the  same  sign  as 
a  except  when  one  of  the  factors  a?  —  a  and  oj  —  )8  is  positive,  and 
the  other  is  negative;  and  we  shall  now  shew  that  this  can  only 
be  the  case  when  x  lies  in  value  between  a  and  /?.  Of  the  two 
quantities  a  —  fi  and  j8  — a  one  must  be  positive;  suppose  the 
former,  so  that  a  is  algehraically  greater  than  /?.  Now  if  a;  is 
algebraically  greater  than  a,  then  a;  —  a  is  positive,  and  therefore 
also  x  —  fi  is  positive,  and  if  a;  is  algebraically  less  than  fi,  then 
a?  —  )8  is  negative,  and  therefore  also  a;  —  a  is  negative.  But  if  x 
lies  between  a  and  ^,  then  a;  —  a  is  negative,  and  a;  —  ^  is  positive. 
For  such  a  value  of  x  the  sign  of  the  expression  aaf  +  bx-{-c  is 
the  contrary  to  the  sign  of  a. 

The  conclusion  of  the  investigation  of  the  three  cases  is  this ; 
whatever  real  value  x  may  have  oaf  -hbx  +  c  and  a  never  differ  in 
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sign,  except  when  the  roots  of  oa;'  +  6a;  +  c  =  0  are  possible  and 
different,  and  x  is  taken  so  as  to  lie  between  them. 

340.  The  roots  of 

aa:"  +  6a;  +  c  =  0  are ^ -\ 

2a 

and  the  roots  of 

CMC*  -  ftx  +  c  =  0  are  ^^^ / . 

2a 

It  is  obvious  that  the  latter  roots  are  the  same  as  the  former  with 
their  signs  changed.  Hence  if  two  quadratic  equations  differ 
only  in  the  sign  of  the  second  tenii,  the  roots  of  one  may  be 
obtained  by  changing  the  signs  of  the  roots  of  the  other. 

341.  Suppose  we  divide  ax'+hx  +  c  by  x  —  h.  The  first 
term  of  the  quotient  is  ax,  and  the  next  term  ah  +  b,  and  there 
is  a  remainder  ah^  +  bh-\-c.  If  this  remainder  vanish,  so  that 
ah'  4-  5A  +  c  =  0,  then  A  is  a  root  of  the  equation  av?  +  6a;  +  c  =  0. 
Thus  the  expression  ax'  -hhx  +  c  is  divisible  hy  x  —  h  only  when 
A  is  a  root  of  the  equation  aaf  -\-bx  +  c  =  0, 

342.  Some  particular  cases  of  the  equation  aa^  +  6cc  +  c  =  0 
may  now  be  investigated.     The  roots  of  the  equation  are 

-6  +  V(^--4ac)  -6-V(y-4ac). 

2a  ^"""^  ^  ' 

we  will  first  examine  the  results  of  supposing  a  =  0. 

The  numerator  of  the  first  root  becomes  —6  +  6,  that  is,  0 ; 
thus  this  root  takes  the  form  ^.     The  numerator  of  the  second 

root  becomes  -26;  thus  this  root  takes  the  form  — tt-.  If  in  the 
original  equation  we  put  a=0,  it  becomes  6a5  +  c  =  0,  so  that 
«  =  —  -;   and  we  may  arrive  at  this  result  from  the   expression 

which  takes  the  form  tj  l>y  a  sxiitable  transformation.     For  mul- 
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tiply  both   numei'ator  and  denominator  of  ^ by 

—  2c 
6+^(6'  — 4:ac);  thus  we  obtain    ^ jjj^ — j — r,  and  if  we   now 

put  a=0,  we  obtain  -^r-,  that  is,  ^«     I^  the  root -^ 

be  transformed  by  multiplying  its  numerator  and  denominator  by 

b-^{b^  —  4:ac)  it  becomes  t ttts — r — v>  and  the  smaller  a  is 

the  smaller  is  the  denominator  of  this  fraction,  and  the  greater  the 
fraction  itself:  an  equivalent  result  may  obviously  be  obtained 
without  effecting  any  transformation  of  the  i-oot.  Thus  we  may 
enunciate  our  results  as  follows ;  in  the  equation  ax'  +  6a;  +  c  =  0, 
if  a  be  very  small  compared  with  b  and  c,  one  of  the  roots  is 

very  large  and  the  other  is  nearly  equal  to  —  v ,  and  the  smaller 

a  is,   the  larger  one  root  becomes,  and   the  nearer  the   other 

approaches  to  — , . 

343.  Next  suppose  both  a  and  b  to  be  zero ;  then  the  ordi- 
nary expressions  for  both  roots  take  the  form  ^.  By  trans- 
forming the  roots  as  in  the  preceding  article,  we  shall  see  that 
when  a  and  b  are  both  small  compared  with  c,  both  roots  are  very 
large,  and  become  greater  the  smaller  a  and  b  are. 

344.  Lastly,  suppose  a,  b  and  c  to  be  zero;  then  the  roots 
take  the  form  ^r.     In  this  case,  if  we  transform  the  roots  as  in 

Art.  342,  we  shall  still  obtain  the  form  ^ ;  we  may  say  here  that 
the  value  of  cc  is  really  indeterminate. 

345.  We  will  give  an  example  of  the  application  of  the 
resulte  of  Art  339. 
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Let  it  be  required  to  ascertain  if  the  fraction  — -^i ;-j —  can 

^  6a;— 14 

assume  any  yalue  we  please  by  suitably  choosing  the  value  of  x, 
^  ,  {B"-2a;  +  21 

therefore  a^  —  2x+21=y  (fix  — 14) ; 

therefore  a*-  2  (1  +  3y)  a  +  21  +  14y  i=  0. 

« 

By  solving  the  qiiadratic  we  obtain 

a;  =  l  +  3y«fc^(9y»-8y-20). 
Hence  if  oj  is  to  be  real  the  quantity  9y'  —  8y  —  20  must  be 
positive;  that  is,  9(y  — 2)(y  +  -^j  must  be  positive.     Therefore 

y  cannot  lie  between  2  and  — -q-,  but  may  have  any  other  value. 
We  conclude  then  that  by  suitably  choosing  the  value  of  x,  the 
fraction  — ^ irj —    may   have  any  value  we    please,   except 

values  between  2  and  — jr-. 

V 


EXAMPLES  ON  THE  THEORY  OP  QUADRATIC  EQUATIONS  AND 

QUADRATIC  EXPRESSIONS. 

Resolve  the  following  four  quadratic  expressions  into  the  pro- 
duct of  simple  factors : 

1.  3«'-10a;-25. 

2.  a:'  +  73aj+780. 

3.  2a;"  +  a;-6. 

4.  a"- 88a; +  1612. 

5.  Form  the  quadratic  equation  whose  roots  are  6  and  8. 

6.  Form  the  quadratic  equation  whose  roots  are  4  and  5. 
T.  A.  /  13 
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7.  Form  the  quadratic  equation  whose  roots  are  1  and  —  2. 

8.  Form  the  quadratic  equation  whose  roots  are  1  =fc  J 5, 

9.  Find  the  sum,  difference,  and  product  of  the  roots  of 

iB'-42aj+ 117  =  0. 

10.  For  what  yalue  of  m  will  the  equation  2a:^4-8a;  +  m  =  0 

have  equal  roots? 

11.  K  a  and  P  be  the  roots  of  af—px  +  q^ 0,  find  the  value 

of^  +  ^andof  aVi8». 
p      a 

12.  If  a  and  j8  be  the  roots  of  aa;'  +  5aj+c=0,  construct  the 

11 
equation  whose  roots  are  -  iand  -^, 

13.  Shew  that  the  roots  of  x'-\-px-hq  =  0  will  be  rational  if 

jp  =  ^  + 1,  where  p,  q,  k  are  any  rational  quantities. 

14.  Shew  that  if  aix^-hbx  +  c  =  0  and  aV  +  6'a3  +  c' =  0   have 

a  common  root,  then  (a'c  —  acy  =  (a'b  —  al/)  {bfc  —  cb), 

2a; -7 

15.  If  a:  be  real,  prove  that  ^-^ — ^ can  have  no  real 

value  between  j^  a^<i  !• 

16.  If  ^  be  greater  than  unity,  then  for  all  real  values  of  x 

the    expression    -= — ^^ — ~    lies    between    '  ~ .,    and 
^  9y  +  2x  +p"  p  + 1 

jp  +  1 

jp-1' 
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XXIII.     SIMULTANEOUS  EQUATIONS  INYOLYING 

QUADRATICS. 

346.  We  will  now  give  some  examples  of  simultaneous  equa- 
tions where  one  or  more  of  the  equations  may  be  of  a  degi'ee 
higher  than  the  first;  various  artifices  are  employed,  the  proper 
application  of  which  must  be  learned  by  experience. 

(1)     Suppose        aj'-2y*=71,     a3  +  y=20. 

From  the  second  equation  y  =  20  — oj;  substitute  in  the 
first,  thus 

a;«-.2(20-aj)»  =  71; 

therefore  -  a;'  +  80a?  -  800  =  7 1 , 

therefore  ot?  -  80aj  =  -  87 1. 

From  this  quadratic  we  shall  obtain  a;  =13  or  67;  then  from 
the  equation  y  =  20  —  a;  we  obtain  the  corresponding  values  of  y, 
naanely,  y  =  7  or  —  47. 

(2)    Suppose      a;* +  2^  =  25,      ajy=12. 
Here  a;'  +  y'  =  25, 

2ajy  =  24; 
therefore,  by  addition, 

aj'  +  2a;y  +  y'=  25 +  24  =  49; 

that  is,  (aj  +  2^)*  =  49; 

therefore  aj  +  y  =  ±7. 

Similarly,  by  subtraction, 

(a;-y)"=25-24  =  l; 

therefore  a?  -  y  =  *  !• 

13—2 
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"We  have  now  four  cases  to  consider;  namely, 

^  +  y=     7,  x-y^     1; 

aj  +  y  =  -7,  x-y=     1; 

a?  +  y=     7,  aj-y  =  -l; 

x-\-y  =  —7,  05  — y=s— 1. 

By  solving  these  simple  equations  we  obtain  finally 
a;  =  sb3,         y  =  «fc4;         ora5  =  «fci4,         y^zkS. 

(3)    Suppose    2y'-4ajy+3aj'  =  17,  y'-af=l6. 

Let  y  =  vXy  and  substitute  in  both  equations;  thus 

aj»(2i;"-4i;+3)  =  17,  ic"(i;"-l)  =  16; 

17 
from  the  former, 

from  the  latter, 

^^''^^  2t;'-4t;  +  3"'v--l' 

therefore  1 7t;*  -  1 7  =  32t;'  -  64t?  +  48 ; 

therefore  IS^-  64i;  +  65  =  0. 

5        13 
From  this  quadratic  wo  shall  obtain  v  =  ^  or  -=- .     Take  the 

former  value  of  v ;  then  a^  =  -5 — =■  =  9  :  therefore  a?  =  =1=  3  ;   and 

V  —  1  ' 

y  =  t?a5  =  ±  5.     Again,   taking  the  second  value  of  v  we  have 
ic"  =  -^ ;  therefore,  a;  =  ±  ~ ;  and  y  =  ±  — , 

The  artifice  here  used  may  be  adopted  conveniently  when  the 
terms  involving  the  unknown  quantities  in  each  equation  consti^ 
tute  an  expression  which  is  homogeneous  and  of  the  second  degree; 
see  Art.  24. 


X*- 

X  1 

• 

^-iv'- 

-4i; 

+  3' 

V  — 

• 

1' 

17 

16 
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(4)     Suppose        x  +  y  =  a,    x'^  +  y^  =  b\ 

By  division, 


x  +  y      a  ^ 
that  is,  a;*  -  a'y  +  oc^y'  —  oc^  +  y*  =  —  j 

or  x*  +  y*-xy{x^  +  y^  +  x^^  =  -' . 

Now  since  a?  +  y  =  a, 

therefore  a*  +  2^*  +  205*^'  =  (a'  -  2a;y)'  =  a*  -  4a'a;y  +  405^ ; 
therefore  aj*  +  y*  =  a*  -  4a'a3y  +  2aj'y*. 

By  substituting  the  values  of  a;*  +  y*  and  a*  +  y^  we  obtain 
a*  —  4a*a^  +  2a;y  —xy(a'--  2xy)  +  a:"^  =  —  , 

that  is,  d»y  —  5a*a;y  = a\ 

We  may  obtain  this  result  also  in  another  way.     It  may  be 
shewn  that 

a"  =  af  ^y''  +  5xy(x^  +  y^  +  10x''y'(x  +  y) ; 

thus  a'  -  ft'*  =  5xy{x^  +  y')  +  lOoar*^; 

and  a*  =  a*  +  y*  +  3a;y  (a?  +  y) 

=  a;*  +  y  +  Saocy : 

therefore  a*  —  6*  =  5ajy  (a*  —  3aajy)  + 1  Oaa V> 

or  5ax^y'  —  5a'a;y  =  6*  —  a*. 

From  this  quadratic  we  can  find  two  values  of  xy  y  let  c 
denote  one  of  these  values,  then  we  have 

x  +  y  =  ay  xy-c; 

thus  (a;  +  y)'-4a;y  =  a'-4c, 

that  is,  (a;~y)"  =  a'-4(j;  ♦ 

therefore  a?  -  y  -  =*-  J  {a'  -  4c). 


J  > 
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Thus  since  x  +  t/  and  x  —  y  are  known,  we  can  find  immediately 
the  values  of  x  and  y. 

Or   we   may   proceed   thus.     Assume   x  —  y^^z,  then   since 
a;  +  y  =  a,  we  obtain 

x  =  -^{a  +  z),        y  =  i^{a-z). 

Substitute  in  the  second  of  the  given  equations ;  thus 

(a +  «)*+(»-«)*  =326*, 
therefore  5a«*  +  1  Oa V  =  1 66*  -  a*. 

From  this  quadratic  we  may  find  s?^  and  hence  z,  that  is, 
x^y'y  and  hence  finally  x  and  y. 

More  examples  will  be  found  in  Chapter  liv. 


EXAMPLES  OP  SIMULTANTEOUS  EQUATIONS   INVOLVING  QUADRATICS. 

1.     4ic«+7y'  =  148,         3a:*-2^"=ll. 
,    2.     aj  +  y  =  100,        ay  =  2400. 

Q  >«  111 

3.     aj  +  y  =  4,  -  +  -  =  1. 

a?     y 

*  4.     x  +  y  =  7y        a^+2y^=M. 
5.     a?-y  =  12,         a;*  +  y'=74. 

7.    a;'  +  y'=65,      02^=28.  8.     a^  =  l,       3a:-5y  =  2. 

1      1 

*  9.     -+-  =  2,        x-^y  =  2. 

X     y       ' 

.    10.     a'  +  ay  +  22^'=74,         2r»»+2a:y  +  y*=73. 

.  n.     2a  +  3y  =  37,        -+-=^. 
^  a;     y     45 


•  »•  •   • 

,,•  ••••••   •   • 

•  •      •  •  •  •   * 
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-12.  a:*  +  3asy  =  54,         a?j^  +  4y"=115. 

13,  af  +  (cy  =  15f        a;y  — ^"  =  2. 

-   14.  af  +  iiM/  +  4:j/'  =  6y        3a;»  +  8y  =  14. 

15.  x'-\-(cy=12,        ojy  — 2y*=l. 

'    16.  ic*-a;y+y  =  21,         2^-2a;y  +  15  =  0. 

17.  ic'-4y'  =  9,         ajy  +  2y"  =  3. 

18.  7a;' -80^=159,         5aj  +  2y=7. 

19.  fic'-2asy-y=l,         a;  +  y  =  2. 

21.  ^±y  +  ^ZJ^  =  |,         «'+y'=20. 
a;-y     «  +  y     2 

/  22.  •3aj  + -125^=30; -2^,         3a;-%  =  2-25a;y  +  3y. 

•   23.  •ly  +  *125a5  =  y-iB,         y-'Bx^'lSxy-^x. 

24.      3/'-  4a:y  +  20aj'+   3y-  264aj  =  0, 


=  0,| 
=  0./ 


6y*  -  38icir  +     »•  -  12y  +  1056aj 

25.  a;  +  y  =  flc',         3y-a;  =  2/*. 

26.  a'  +  y  =  2a^>        x-y^-^xy, 

27.  a;+22^  +  — =16,         3a;  +  y  +  — =  23. 

28.  4  (a?  +  y)  =  3aJ3^,        a;  +  2/  +  a;'  +  2/'  =  26. 

29.  a;-y  =  2,        a;«-s/«  =  8. 

30.  aj  +  y  =  5,        a»  +  y'  =  65. 

31.  aj  +  y=ll,        i«'  +  2/'  =  1001; 

32.  a^(a5  +  3/)  =  30,        a?' 4-3^=  35. 

33.  -  +  IL  =  18,     .    a;  +  y  =  12. 
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34.    aj  +  y  =  18,        «'  +  y»  =  49U. 

y      X       '  ^ 

36.  ic*  («  +  y)  =  80,        a?{2x  -  3y)  =  80. 

37.  ajV  +  /i»  =  20,       -+i=?. 

X     y      ^ 

X    38.     iB'  +  2^  =  7  +  a;y,        a;"  +  g^  =  6a^  - 1.   • 

40.     a  +  y  =  4,        a;*  +  2^*  =  82. 
,    41.     »*-y*  =  3093,        a;-y  =  3. 

,  43.  ic'-a5y  +  y*=19,        a?-a^  +  y=4. 

44.  aj'-a^  +  2^=7,        »*  +  a;y+y*=  133. 

45.  iB'  +  a?y  +  2^=:49,        a;*  +  a^y»  +  y*=931. 

46.  aj*-.«»  +  y*-.y'  =  84,         iB"  +  a?y +  2/^  =  49. 

47.  a(12 - xy):=:y{xy-^\     xy  (y -^  ix - xy)  =  12  (oj  +  y- 3). 

48.  x  +  y'^^(xy)==U,        x^  +  y' +  xy  =  Si. 

49.  x  +  y--J(xy)  =  7,        a^+y'  +  xy=133. 

50.  aj  +  y  =  72,         4^a;  +  yy  =  6. 

51.  a?  +  ^/(iB*-y')  =  8,        aj-y=l. 


53.  ..,.10.   y|. /f4. 
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5^     J^-Jy=^J{^\        a;  +  y  =  20. 
KK        ,/        X     o    //        \     2(a:-l)  a^  +  y*     34 

56.  ^(3  +  »^+2y  =  8,        2aj»  +  ^7(5^*  +  4®*)  =  9. 

fc,-     a?     y     -  aft. 

57.  -  +  f  =  1,        -  +  -  =  4. 
a     0  X     y 

59.  »*  +  y*  =  a*,        a;  +  y=6. 

60.  a?*  +  y*  =  14a?y,         aj  +  y  =  a.  ^      '  '    ' 

61.  a;*-2^*  =  a*,        aj-y  =  6. 

62.  V(aj'  +  3^  +  V(a;'-2^)=2y,        a?*-2^*  =  a\ 

63.  2a6  (a  +  5)  a? + y*  =  otaj'  +  2a62^,^ 

a5a5  +  (a  +  5)  y  =  ajy.  J 

64.  2^(»'-yO  +  *y  =  l,        ^-|  =  »- 

65.  x  +  y  =  aj{xy),        x-y  =  c/'^. 

66.  J{x  +  y)  +  J{x-y)  =  Ja,        J(??  +  f)  +  s/{«?-y*)  =  h- 

68.  a5'  +  y*-(a5  +  y)  =  o>        a!:*  +  y*  +  a:  +  y-2(a*  +  y')  =  6. 

69.  3/»  =  ^,        -  +  f?=l,        -+-  =  1. 

70.  l  +  i+i  =  9,         -  +  -  =  13,         8a:  +  3y  =  5. 
a?     y     «  a?     y 

71.  y  +  «=-,         »  +  «  =  -,         a?  +  y  =  -. 
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72.  xyz  =  a*  (a  +  y)  =  5*  (y  +  «)  =  c*  (aj  +«). 

73.  oc^-\-ffz-f^  +  zx^e,        «*+a?y=a. 

^ric  1117 


76.    iry 


+  a»  +  y«  s=  26,  1 

(a;  +  2^)  +  y«  (y  +  «)  +  «aj  («  +  a;)  =  1 6  2,       ?• 
(aj*  +  y  •)  +  y«  (y"  +  «•)  +  a»  (r»"  +  «•)  =  5  3  8.  J 


77.  a"  +  y*  +  «'  =  ic*  +  y*  +  «'  =  a5  +  y  +  »  =  l. 

78.  x(x  +  f/  +  z)  =  a*,      y(x-^y  +  z)  =  h',      z{x  +  f/+z)  =  c^. 

79.  2aj  +  ?^  =  2y  +  ^  =  2«  +  ^  =  a. 

«  a;  y 


XXIV.    PROBLEMS  WHICH  LEAD  TO  QUADRATIC 

EQUATIONS, 

347.  We  Rball  now  solve  and  discuss  some  problems  whicb. 
lead  to  quadratic  equations. 

A  man  buys  a  borse  wbicb  be  sells  again  for  £2i;  be  finds 
tbat  be  tbus  loses  as  mucb  per  cent  as  tbe  borse  cost;  required 
tbe  price  of  tbe  borse. 

Let  X  denote  tbe  price  in  pounds;  then  be  loses  x  per  cent 

X  0? 

and  tbus  bis  total  loss  is  ^ttt^  ^  ^  that  is,  r— ;  but  this  loss  is 
alsoff-24;  tbus 

100  ^ 
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therefore 

aj'- 100a? =-2400, 

and 

«•- 100a;  +  (50)»  =  2500  -  2400  =  100 ; 

hence 

aj-50  =  ±10, 

and 

a;  =  60  or  40. 

Thus  all  "we  can  infer  is,  that  the  price  was  either  ^60  or  £40, 

for  each  of  these  values  satisfies  all  the  conditions  of  the  problem. 

%- 

348.  Divide  the  number  10  into  two  parts,  such  that  their 

product  shall  be  24. 

* 

Let  X  denote  one  part,  and  therefore  10  — a;  the  other  part; 
then 

a?(10-aj)  =  24; 

therefore  a^  —  1  Oaj  =  —  24, 

and  a;«-10a;  +  5*  =  25-24=lj 

hence  aj  —  5  =  ±  1, 

and  a;  =  4  or  6. 

Here  although  x  may  have  either  of  two  values,  yet  there 
is  only  one  mode  of  dividing  10,  so  that  the  product  of  the  two 
parts  shall  be  24 ;  one  part  must  be  4  and  the  other  6. 

349.  A  person  bought  a  certain  number  of  oxen  for  £80; 
if  he  had  bought  4  more  for  the  same  sum  each  ox  would  have 
cost  £1  less;  find  the  number  of  oxen  and  the  price  of  each. 

80 
Let  X  denote  the  number,  then  —  is  the  price  of  each ;  if  he 

X 

80 
had  bought  4  more,  the  price  of  each  would  have  been j;  thus, 

by  supposition, 

80       80     - 

7=  —  1; 

a;  +  4      X 
therefore  80a?=  80(a;  +  4)-aj"-4aj, 


204  PROBLEMS  WHICH  LEAD  TO 


therefore 

iB"  +  4a;  =  320, 

and 

a"+4aj  +  2"  =  320  +  4  =  324; 

hence 

a;  +  2  =  =fcl8, 

and 

a;=16  or  -20. 

Only  the  positive  value  of  a;  is  admissible,  and  thus  the  number 
of  oxen  is  16,  and  the  price  of  each  ox  is  £5. 

In  solving  problems,  as  in  the  proposed  example,  results  will 
sometimes  be  obtained  which  do  not  apply  to  the  question  actually 
proposed.  The  reason  appears  to  be  that  the  algebraical  mode  of 
expression  is  more  general  than  ordinary  language,  and  thus  the 
equation,  which  is  a  proper  representation  of  the  conditions  of  the 
problem,  will  also  apply  to  other  conditions.  Experience  will 
convince  the  student  that  he  will  always  be  able  to  select  the 
result  which  belongs  to  the  problem  he  is  solving,  and  that  it  will 
be  sometimes  possible,  by  suitable  changes  in  the  enunciation  of 
the  original  problem,  to  form  a  new  problem,  corresponding  to  any 
result  which  was  inapplicable  to  the  original  problem.  Thus  in 
the  present  case  we  may  propose  the  following  modification  of  the 
original  problem;  a  person  sold  a  certain  number  of  oxen  for 
j£80 ;  if  he  had  sold  4  /ewer  for  the  same  sum,  the  price  of  each 
ox  wovdd  have  been  ^1  more;  find  the  number  of  oxen  and  the 
price  of  each. 

Let  X  represent  the  number;  then  by  the  question  we  shall 

have 

80       80     , 
=  —  +  1. 


05—4         X 

The  roots  of  this  quadratic  will  be  found  to  be  20  and  — 16; 
thus  the  number  20  which  appeared  with  a  negative  sign  as  a 
result  in  the  former  case,  and  was  then  inapplicable^  is  here  the 
admissible  result. 

350.  Find  a  ntunber  such  that  twice  its  square  increased  by 
three  times  the  number  itself  may  amount  to  65,  • 
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Let  X  denote  the  number;  then,  by  the  question, 

2x*  +  3a;  =  65. 

13 

The  roots  of  this  quadratic  will  be  found  to  be  5  and  —  -s" ; 

2 

the  former  value  satisfies  the  conditions  of  the  question.  In  order 
to  interpret  the  second,  we  observe,  that  if  we  write  —  a;  for  a;  in 
the  equation,  it  becomes 

2a;"- 3a;  =  65; 

13 

and  the  roots  of  the  latter  equation  are  -^  and  —  5,  as  will  be 

13 
found  on  trial,  or  may  be  known  fix)m  Art.  340.    Hence  -5-  is  the 

answet  to  a  new  question,  namely :  find  a  number  such  that  twice 
its  square  diminished  by  three  times  the  number  itself  may 
amount  to  65. 

351.  Divide  a  given  line  into  two  parts,  such  that  twice 
the  square  on  one  part  may  be  equal  to  the  rectangle  contained 
by  the  whole  line  and  the  other  part. 

Let  a  denote  the  length  of  the  line,  and  x  the  length  of  one 

part,  then  a  —  a;  is  the  length  of  the  other  part ;  thus,  by  the 

question, 

2a;"  =  a{a  —  x); 

therefore  2a;"  -\-ax  =  a\ 

^  a     ax     a 

and  ^"^T"^' 

,  a    ax     /a\"    a'      a"      9a" 

and  a^+_  +  y=_+_=_.; 

.  a       3a 

hence , a;^:-  =  =fc  — ,  ^ 

and  a;  =  5  or  —  a. 

Here  ^  is  the  required  lengtL  The  negative  answer  sug- 
gests the  following  problem :  produce  a  given  line,  so  that  twice 
the  square,  on  the. part. produced  maybe  equal  to  the  rectangle 
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contained  by  the  given  line,  and  the  line  made  up  of  the  given 
line  and  the  part  produced ;  the  result  is,  that  the  part  produced 
must  be  equal  to  the  given  line. 

352.  In  the  examples  hitherto  given,  both  roots  of  the  quad- 
ratic equation  have  applied  to  the  actual  problem,  or  to  an  allied 
problem  which  was  easily  formed.  Frequently,  however,  it  will 
be  found  that  only  one  i-oot  applies  to  the  problem  proposed,  and 
that  no  obvious  interpretation  occurs  for  the  other. 

353.  Problems  may  be  proposed  which  involve  more  than 
one  unknown  quantity,  and  thus  lead  to  aimiUtaneims  equations; 
we  will  give  an  example. 

Two  men  A  and  £  sell  a  quantity  of  wheat  for  £28.  8«. 
£  sells  four  quarters  more  thanyl,  and  if  he  had  sold  the  quan- 
tity A  sold,  would  have  received  £10  for  it;  while  A  would  have 
received  16  guineas  for  what  B  sold.  Find  the  quantity  sold  by 
each,  and  the  rates  at  which  they  sold  it. 

Let  X  denote  the  number  of  quarters  which  A  sold,  and  there- 
fore x  +  4:  the  number  which  B  sold;  and  suppose  that  A  sold  his 
wheat  at  y  shillings  per  quarter,  and  that  B  sold  hia  &i  z  shillings. 
Then  since  the  value  of  the  wheat  sold  is  568  shillings,  we  have 

ajy  +  (a?+4:)«=568 (1). 

If  B  had  sold  the  quantity  A  sold^  he  would  have  received 
200  shillings;  Uius 

a»=200  (2). 

Similarly,  («+4)y=336 .•, (3). 

From  (3)  we  have  ay  =  336-4y;  by  substitution  in  (1)  we 
have 

336-4y  +  200  +  4«  =  568; 

therefoi-e  4  («  -  y)  =  32, 

and  «-y  =  8  (4). 
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From  (2)  we  have 


and  from  (3)  we  have 


thus 
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X  = 

200 

z   ' 

X  = 

336     , 
4; 

y 

200 

336     , 

z 

■  y-'' 

50 

«*-i  .. 

^9###   ••#   •••••• 

z 

y 

and  — = 1    (5). 

z       y  ^  f 

We  may  now  find  y  and  z  from  (4)  and  (5).     Substitute  in 
(5)  the  value  of  z  from  (4);  thus 


50       84     , 
y  +  8      y 

Uierefore 

50y  =  84(y+8)-(y«  +  8y), 

hence 

y«-.26y-672  =  0. 

From  this  quadratic  we  shall  find  y  =  42  or  — 16.     The  former 
is  the  only  admissible  result ;  thus  ;s;  =  50  ;  and  x  =  L 


EXAMPLFiS  OF  FB0BLEM& 

1.  Find  two  numbers  such  that  their  sum  may  be  39,  and 
the  sum  of  their  cubes  17199. 

2.  A  certain  number  is  formed  by  the  product  of  three  con- 
secutive numbers,  and  if  it  be  divided  by  each  of  them  in  turn, 
the  sum  of  the  quotients  is  47.     Find  the  number. 

3.  The  length  of  a  rectangular  field  exceeds  the  breadth  by 
one  yard,  and  the  area  is  three  acres;  find  the  length  of  the  sides. 

4.  A  boat's  crew  row  3^  miles  down  a  river  and  back  again 
in  1  hour,  40  min. ;  supposing  the  river  to  have  a  current  of  2 
miles  per  hour,  find  the  rate  at  which  the  crew  would  row  in  still 
water. 


208  EXAXFLES  OF  FSOBLEM&        GHAFTER  XZIY. 

5.  A  tarmer  wishes  to  enclose  a  rwiimgnlar  piece  of  land  to 
contain  1  acre  32  perdiea  with  176  hmdles,  each  two  yarcis  long; 
how  man  J  hnrdles  mnst  he  place  in  eadi  side  of  the  rectangle  ? 

6.  A  person  rents  a  certain  nnmber  of  acres  of  land  for  X84; 
he  caltiTates  4  acres  himself  and  letting  the  rest  fcnr  10*.  an  acre 
more  than  he  pays  for  it,  reoeiTes  for  this  portion  the  whole  rent, 
£S4.    Find  the  number  of  acres. 

7.  A  person  pnrchased  a  certain  nnmber  of  sheep  fi>r  £35 : 
after  losing  two  of  them'he  sold  the  rest  at  10  shillings  a  head 
more  than  he  gave  for  them,  and  hj  so  doing  gained  £1  hy  the 
transaction.     Find  the  nnmber  of  sheep  he  purchased. 

8.  A  line  of  given  length  is  bisected  and  produced;  find  the 
length  of  the  produced  part  so  that  the  rectangle  contained  bj 
half  the  line  and  the  line  made  up  of  the  half  and  the  produced 
part  may  be  equal  to  the  square  on  the  produced  part 

9.  The  product  of  two  numbers  is  750,  and  the  quotient 
when  one  is  divided  by  the  other  is  3| ;  find  the  numbers. 

10.  A  gentleman  sends  a  lad  into  the  market  to  buy  a  shil- 
ling's worth  of  oranges;  The  lad  haying  eaten  a  couple,  the 
gentleman  pays  at  the  rate  of  a  penny  for  fifteen  more  than  the 
market-price;  how  many  did  the  gentleman  get  for  his  shilling) 

11.  What  are  eggs  a  dozen  when  two  more  in  a  shilling's 
worth  lowers  the  price  one  penny  per  dozen  ? 

12.  A  shilling's  worth  of  Bavarian  kreuzers  is  more  nume- 
rous by  6  than  a  shilling's  worth  of  Austrian  kreuzers;  and  15 
Austrian  kreuzers  are  worth  Id.  more  than  15  Bavarian  kreuzers. 
How  many  Austrian  and  Bavarian  kreuzers  respectively  make  a 
shilling  ? 

13.  Find  two  numbers  whose  sum  is  nine  times  their  differ- 
ence, and  whose  product  is  equal  to  twelve  times  their  quotient 
together  with  the  greater  number. 

14.  Two  workmen  were  employed  at  different  wages,  and 
paid  at  the  end  of  a  certain  time.     The  first  received  £4b.  1^., 
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and  the  second,  wlio  had  worked  for  6  days  less,  received  £2,  lis. 
If  the  second  had  worked  all  the  time  and  the  first  had  omitted 
6  days,  they  would  have  received  the  same  sum.  How  many  days 
did  each  work,  and  what  were  the  wages  of  each  ? 

15.  A  party  at  a  tavern  spent  a  certain  sum  of  money.  If 
there  had  been  five  more  in  the  party,  and  each  person  had  spent 
a  shilling  more,  the  bill  would  have  amounted  to  £6.  If  there 
had  been  three  less  in  the  party,  and  each  person  had  spent  eight- 
pence  less,  the  bill  would  have  been  £2.  128.  Of  how  many  did 
the  party  consist,  and  what  did  each  spend  ? 

16.  A  person  bought  a  number  of  £20  railway  shares  when 
they  were  at  a  certain  rate  per  cent,  discount  for  £1500;  and 
afterwards  when  they  were  at  the  same  rate  per  cent,  premium 
sold  them  all  but  60  for  £1000.  How  many  did  he  buy,  and  what 
did  he  give  for  each  of  them  ? 

17.  Find  that  number  whose  square  added  to  its  cube  is  nine 
times  the  next  higher  number. 

18.  A  person  has  £1300,  which  he  divides  into  two  portions 
and  lends  at  different  rates  of  interest,  so  that  the  two  portions 
produce  equal  returns.  If  the  first  portion  had  been  lent  at  the 
second  rate  of  interest  it  would  have  produced  £36,  and  if  the 
second  portion  had  been  lent  at  the  first  rate  of  interest  it  would 
have  produced  £49.     Find  the  rates  of  interest 

19.  A  person  having  travelled  56  miles  on  a  railroad  and  the 
rest  of  his  journey  by  a  coach,  observed  that  in  the  train  he  had 
performed  \  of  his  whole  journey  in  the  time  the  coach  took  to 
go  5  miles,  and  that  at  the  instant  he  arrives  at  home  the  train 
must  have  reached  a  point  35  miles  further  than  he  was  from  the 
station  at  which  it  left  him.  Compare  the  rates  of  the  coach  and 
the  train. 

20.  A  sets  off  &om  London  to  York,  and  JB  at  the  same  time 
from  York  to  London,  and  they  travel  imiformly;  A  reaches 
York  16  hours,  and  B  reaches  London  36  hours,  after  they  have 
met  on  the  road.  Find  in  what  time  each  has  performed  the 
journey. 

T,  A.  14 
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21.  A  courier  proceeds  from  one  place  P  to  another  place  Q 
in  14  hours;  a  second  courier  starts  at  the  same  time  as  the  first 
from  a  place  10  miles  behind  P,  and  arrives  at  Q  at  the  same  time 
as  the  first  courier.  The  second  courier  finds  that  he  takes  half 
an  hour  less  than  the  first  to  accomplish  20  miles.  Find  the  dis- 
tance of  Q  from  P. 

22.  Two  travellers  A  and  B  set  out  at  the  same  time  from 
two  places  P  and  Q  respectively,  and  travel  so  as  to  meet.  When 
they  meet  it  is  found  that  A  has  travelled  30  miles  more  than  By 
and  that  A  will  reach  ^  in  4  days,  and  B  will  reach  P  in  9  days, 
after  they  meet.     Find  the  distance  between  P  and  Q. 

23.  A  vessel  can  be  filled  with  water  by  two  pipes;  by  one 
of  these  pipes  alone  the  vessel  would  be  filled  2  hours  sooner 
than  by  the  other ;  also  the  vessel  can  be  filled  by  both  together 
in  If  hours.  Find  the  time  which  each  pipe  alone  would  take  to 
fill  the  vessel. 

24.  A  vessel  is  to  be  filled  with  water  by  two  pipes.  The 
first  pipe  is  kept  open  during  f  of  the  time  which  the  second 
would  take  to  fill  the  vessel ;  then  the  first  pipe  is  closed  and  the 
second  is  opened.  If  the  two  pipes  had  both  been  kept  open 
together  the  vessel  would  have  been  filled  6  hours  sooner,  and  the 
first  pipe  would  have  brought  in  |  of  the  quantity  of  water  which 
the  second  pipe  really  brought  in.  How  long  would  each  pipe 
take  to  fill  the  vessel  ? 

2^,  A  certain  number  of  workmen  can  move  a  heap  of 
stones  in  8  hours  from  one  place  to  another.  If  there  had  been 
8  more  workmen,  and  each  workman  had  carried  5  lbs.  less  at  a 
time,  the  whole  work  would  have  been  completed  in  7  hours.  If 
however  there  had  been  8  fewer  workmen,  and  each  had  carried 
1 1  lbs.  more  at  a  time,  the  work  would  have  occupied  9  hours. 
Find  the  number  of  workmen  and  the  weight  which  each  carried 
at  a  time. 
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354  Although  the  square  root  of  a  negative  quantity  is  the 
symbol  of  an  impossible  operation,  yet  these  roots  are  frequently 
of  use  in  Mathematical  investigations  in  consequence  of  a  few 
conventions  which  we  shall  now  explain. 

355.  Let  a  denote  any  real  quantity;  then  the  square  roots 
of  the  negative  quantity  —  a'  are  expressed  in  ordinary  notation 
by  sfc  sjir  ^')*  Now  —  a*  may  be  considered  as  the  product  of 
a'  and  —  1 ;  so  if  we  suppose  that  the  square  roots  of  this  product 
can  be  formed,  in  the  same  manner  as  if  both  factors  were  posi- 
tive, by  multiplying  together  the  square  roots  of  the  factors,  the 
square  roots  of  —a*  will  be  expressed  by  ^a ^Ji^Y),  We  may 
therefore  agree  that  the  expressions  ^  ^(-  a*)  and  =fc  a  ^Ji^  1)  shall 
be  considered  equivalent.  Thus  we  shall  only  have  to  use  one 
imaginary  expression  in  our  investigations,  namely,  ,/(—  1), 

356.  Suppose  we  have  such  an  expression  as  a  +  )8^(— 1), 
where  a  and  ^  are  real  quantities.  This  expression  may  be  said 
to  consist  of  a  real  part  a  and  an  imaginary  part  )8^(— 1);  or  on 
account  of  the  presence  of  the  latter  term  we  may  speak  of  the 
whole  expression  as  imaginary.  When  ^  is  zero,  the  term 
^  jj(j- 1)  is  considered  to  vcmish;  this  may  be  regarded  then  as 
another  convention.  If  a  and  P  are  both  zero,  the  whole  expres- 
sion vanishes,  and  not  otherwise. 

357.  By  means  of  the  conventions  already  made,  and  the 
additional  convention  that  such  terms  as  P  ^(—  1)  shall  be  subject 
to  the  ordinary  rules  which  hold  in  Algebraical  transformations, 
we  may  establish  some  propositions,  as  will  now  be  seen. 

358.  In  order  that  two  imagvrumf  expressiona  may  he  eqwdy 
it  is  necessa/ry  and  sufficient  that  the  real  parts  should  he  equaly 
and  that  the  coefficients  o/  ^/  (  —  1)  should  he  equal, 

14—2 
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For  suppose         a  +  /3  ^(- 1)  =  y  +  8  ^(- 1); 
then,  by  transposition, 

^  a-y  +  03-8)V(-l)=O; 

thus,  by  Art.  356, 

a-y=0,         and     )8-8  =  0; 

that  is,  a  =  y>  ^^^    ^  =  S. 

Thus  the  equation 

«  +  i8V(-l)=y+8V(-l) 

may  be  considered  as  a  symbolical  mode  of  asserting  the  two 
equalities  a  =  y  and  )3  =  8  in  one  statement. 

359.  Consider  now  two  imaginary  expressions  a  +  )8  ^(—  1) 
and  y  +  8Ay(— 1)9  and  form  their  sum,  difference,  product,  and 
quotient. 

Their  sum  is 

a  +  y  +  03  +  8)V(-l). 
If  the  second  be  taken  from  the  £rst,  the  remainder  is 

a-y+(/S-8)V(-l). 
Their  product  is 

{a  +  ^V(-i)}{r+8>/(-i)}  =  «r-/58  +  H  +  i8r)V(-i); 

for  V(- 1)  X  ^(- 1)  is,  by  supposition,  - 1. 

The  quotient  obtained  by  dividing  the  first  by  the  second  is 

y+8J(-iy 

This  may  be  put  in  another  form  by  multiplying  both  numerator 
and  denominator  by  y  —  8  ^{—  1).     The  new  ntimerator  is  thus 

ay  +  j88  +  (i3y-a8)V(-l); 

and  the  new  denominator  is  y*  +  8*;  therefore 

a  +  PJ{-l)_ay  +  PB     By-aB     ,,,. 
TTF^pipT+S^     y'  +  8'  "^^     '• 
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360.  We  will  now  give  an  example  of  the  way  in  which, 
imaginary  expressions  occur  in  Algebra.  Suppose  we  have  to 
solve  the  equation  o^  =  1.     We  may  write  the  equation  thus, 

«"-l  =  0; 

or  in  factors,  (aj-l)(aj*  +  a;+l)  =  0. 

Thus  we  satisfy  the  proposed  equation  either  by  putting 
X— 1  =  0,  or  by  putting  «*  +  a  + 1  =  0.  The  first  gives  a?  =  1 ; 
the  second  may  be  written 

therefore  **'^*'*"(l)~Z"^"~I^ 

therefore  «^  +  ^  =  *  >^(-|)=*^'^(-^)^ 


and 


«'=-|*f^^<-^)- 


Thus  we  conclude  that  if  either  of  the  imaginary  expressions 
last  written  be  cubed,  the  result  will  be  unity.  This  we  may 
verify ;  take  the  upper  sign  for  example,  then 

{_>.^^(-.,}=(.>)V,(-|)VV(-i) 


Now 


(2}-     8' 

3(-l){fs/(-f(-l)(-!)=|. 

Thus  the  result  is  unity. 
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If  af^lj  we  liave  x  =  {\yi  it  appears  then  that  there  are 

1     J^ 
three  cube  roots  of  unity,  namelj,  1  and  —  ^  ±  ^  ^(  —  1). 

361.  We  have  seen  in  Art.  337,  that  the  qnadratic  expression 
oaf  +  6a;  +  c  is  always  identical  with  a  (a;  —  je>)  (a;  —  q\  where  p  and  q 
are  the  roots  of  the  equaMon  asif  +  bx  +  c  =  0.  If  the  roots  are 
imaginary,  p  and  q  will  be  of  the  forms  a^fi  ^(—  1) ;  thus  we 
have  then 

aa^  +  hx-hc  =  a{x-a-^  J{-l)}{x-a-^P  ^{-1)}. 

This  will  present  no  difficulty  when  we  remember  the  conven- 
tion that  the  usual  algebraical  operations  are  to  be  applicable  to 
the  term  P  J{'-'  1).  For  the  second  side  of  the  asserted  iden- 
tity is 

a{(a;-a)*  +  ^},         that  is,  a {a^ -  2aa5  +  a' +  ^}, 

and  from  the  values  of  a  and  P  we  have 

2a  =  --,         anda'  +  j8*=-: 
thus  the  second  side  coincides  with  the  first. 

362.  Two  imaginary  expressions  are  said  to  be  conjugate  when 
they  only  differ  in  the  sign  of  the  coefficient  of  ^{—  1).  Thus 
a  +  )8  J^—  1)  and  a  —  ^  ,y(—  1)  are  conjugate. 

Hence  the  sum  of  two  conjugate  imaginary  expressions  is  real, 
and  so  also  is  their  product.  In  the  above  example  the  sum  is 
2af  and  the  product  is  a'  +  )3'. 

363.  The  positive  value  of  the  square  root  of  a'  +  j3*  is  called 
the  modulus  of  each  of  the  expressions 

a  +  /3^(-l)  and  a-/3^(-l). 

From  this  definition  it  follows  that  the  modulus  of  a  real 
quantity  is  the  numerical  value  of  that  quantity  taken  positively. 
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In  order  that  the  modulus  ^(a*  +  )8^  may  vanish,  it  is  neces- 
sary that  a  =  0  and  )3  =  0;  in  this  case  the  expressions 

a  +  /3^(-l)   and   a-)8^(-l) 

vanish.     And  conversely,  if  these  expressions  vanish,  then  a  =  0 
and  P  =  0,  and  thus  the  modulus  vanishes. 

364.  If  two  imaginaiy  expressions  are  equal,  their  moduli 
are  equal.  It  is  not  however  necessarily  true,  that  the  expressions 
are  equal  if  the  moduli  are  equal. 

365.  The    modulus    of   the    product    of   a  +  )8  ,J{- 1)   and 

V{(ay  -  jSS)'  +  (/3y  +  oS)'} ;  (see  Art.  359). 

But  (a7-^S)"  +  (i8y+a8)'  =  (a«  +  j3»)(y*  +  8'); 

thus  the  modulus  is 

Hence  tJie  modvltis  of  the  prodricC  of  two  imagina/ry  eocpres- 
9wn8  18  eqiud  to  the  product  of  their  modiUi, 

Therefore  the  product  of  two  imaginary  expressions  cannot 
vanish  if  neither  factor  vanishes. 

It  will  follow  from  this  that  the  modulus  of  the  quotient  of 
two  imaginary  expressions  is  the  quotient  of  their  moduli  This 
can  also  be  shewn  by  forming  the  modulus  of  the  expression  for 
the  quotient  given  in  Art.  359. 

366.  It  is  often  necessary  to  consider  the  powers  of  J{-  1). 
We  may  form  them  by  successive  multiplication;  thus, 

w(- 1)}' = ui- 1)}'  X  ^/(- 1) = -  n/(-  1),    w(-  i)r = 1- 

If  we  proceed  to  obtain  higher  powers  we  shall  have  a  re- 
currence of  the  results  J{—  1),  —  1,  -  ^(—  1),  1.  We  may  then 
express  all  the  powers  by  four  formulae.    For  every  whole  number 
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must  be  of  one  of  the  fonr  forms  4n,  4n  +  ly  4n+2y  4n+3, 
aocordiDg  as  it  is  exactlj  dlTisible  by  4,  or  leaves  when  divided  by 
4  a  remainder  1,  2,  3^  respectively.    And 

y(-i)r"=-i»     y(-i)r'=-v(-i)- 

367.  The  square  root  of  an  imaginary  expression  qf  the  form 
a  +  j9  tj{^  1)  nwy  be  expressed  in  a  simUarform, 

For  let  J{a  +  i3V(-l)}  =  a:  +  yv^(-l); 

then        a  +  i8V(-l)={«+yV(-l)}'=a^-y'  +  2a?yJ(-l). 

Hence,  by  Art  358, 

a^-l/'  =  a (1), 

2«y=y8 (2); 

therefore  {af  +  j/)*  =  a*  +  §?, 

thus  «'+y*=s/(a'  +  j80 (3). 

From  (1)  and  (3)  we  obtain 

Hence      .  =  .[J^^±P±l]K        y  =  .{.A£^a| 

Since  the  values  of  x  and  y  are  supposed  real,  a:*  +  y'  is  posi- 
tive, and  thus  the  positive  sign  must  be  ascribed  to  the  quantity 
,y(a*  +  j8*).  And  since  the  values  of  x  and  y  must  satisfy  the 
equation  2xy  =  fi,  they  must  have  the  same  sign  if  )3  be  positive^ 
and  different  signs  if  )3  be  negative.  On  account  of  the  double 
sign  in  the  values  of  x  and  ^,  we  see  that  a  +  )3  ^(—  1)  has  two 
square  roots  which  differ  only  in  sign. 

368.  We  may  obtain  the  square  roots  of  ±^(—1)  by  sup- 
posing that  a  =  0  and  )3  =  =i=l  in  the  results  of  the  preceding 
article.     Thus  we  shall  obtain 
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If  we  suppose  that  «*  =  —!,  we   deduce  «'  =  sfe^(— 1);   tlius 

«  =  ±  J{^  J{—  1)}.  And  since  «*  =  - 1,  we  have  »  =  (- 1)*.  Thus 
there  are  four  fourth  roots  of  —  1,  namely,  the  four  expressions 

contained  in  ± ^^^ — -.     There  are  also  four  fourth  roots  of  1, 

since  if  we  put  z*  =  1,  we  find  «'  =  =»=  1,  and  » =  ±  ^1  or 
z  =  d=  ^(—  1).  Similarly  there  are  eight  eighth  roots  of  1  or  —  1, 
and  so  on. 


1.     Simplify 
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a'  h'  c' 


{a  —  b){a-c)     {b'-c){b-'a)     (c  —  a)(c^by 


2.  If  ^Lz4  +  l:::^  =  0,  shew  that 

l  +  ab     l  +  cd 

a  —  d  _^  b  —  c       J   a  +  c  ^  b-hd 
l  +  ad~  l  +  bc  l-ac~l-6rf' 

3.  Shew  that 

a"  +  y  +  c®-3a5c  = 
J{((i-6)'  +  (5-c)'+(c-a)'}{a  +  6  +  c}, 

(a  +  5  +  c)'  -  27abc  = 
i  {{a  +  b  +7c){a-by  +  (b  +  c  +  7a)  {b'-cy  +  {c  +  a  +  7b)  {c-aY}, 

(4a  +  45  +  c)(a-5/  +  (46  +  4c+a)(6-c)'  +  (4c4-4a  +  6)(c-a)'. 

4.  Shew  that  if  a  +  6  +  c  is  zero  the  following  expression  is 
also  zero, 

a' 


i'  b'  c' 


-1. 
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6.  If  the  square  root  of  the  product  of  two  quantities  is 
rational,  shew  that  the  square  root  of  the  quotient  obtained  by 
dividing  one  bj  the  other  is  also  rationaL 

6.  Extract  the  square  root  of 

7.  Express  in  the  form  of  the  sum  of  two  simple  surds  the 
roots  of  the  equation 

8.  Express  in  the  form  of  the  sum  of  two  simple  surds  the 
roots  of  the  equation 

4a;*  -  4  (1  +  w>  V  +  nW  =  0. 

9.  By  performing  the  operation  for  extracting  the  square 
root,  find  a  value  of  x  which  will  make 

a;*  +  6«'+ lla"+3a?  +  31 
a  perfect  square. 

la     Shew  that  if 

03*  -f  ax?  +  60*  +  ca?  4-  cf 

be  a  perfect  square,  the  coefficients  satisfy  the  relations 

8c  =  a (46 -a")  and  (46-a7=64d 

11.  If  the  values  of  x,  y,  x\  y'  be  all  possible,  and 

l+a»;'  +  yy'  =  ^(l+a;'  +  y»)V(l+a;'"  +  3/'), 

shew  that  03  =  a/  and  y  =  y. 

12.  Shew  that  the  equation 

a'b\x--ar)'  +  a'b\y''yy 

is  equivalent  to  the  two 

a'b' - a^yy' - h'xa^  =  0  and  xy'-x^y^O. 
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13.  A  man  sells  a  horse  for  £2i,  128.,  and  loses  18  per  cent. 
on  what  the  horse  cost  him ;  what  was  the  original  cost  ? 

14.  Divide  the  number  16  into  three  such  parts  that  the 
difference  of  the  two  less  shall  be  the  square  root  of  the  greatest, 
and  the  difference  of  the  two  greater  shall  be  the  square  of  the 
least. 

15.  Shew  that 


/ 


{^^^^H^^^^] 


is  equal  to  2  if  »  be  a  multiple  of  3,  and  equal  to  —  1  if  n  be  any 
other  integer. 

Solve  the  following  equations  : 

-^      aj  +  l     x  +  2     «aj+3 

16.     =-  + s  =  2 . 

03—  1     a5-2        x—'d 

17  ^       _      ^      ,^     ^ 

ar  —  zx     x—x 

19.  aj*-  8a;'+  12a;»+  16a;-  16  =  0. 

20.  J(2x  - 1)  +  ^(3a;  -  2)  =  J{4:X  -  3)  +  J{5x  -  4). 

21.  2b{J{x  +  a)-'b}  +  2c{J{X''a)  +  c}  =  a. 

22.  {J(a  4-  a?)  -  ^a}  {J{a  -x)+  J  a]  =  nx. 

'  23.     x  +  y  =  a  +  hy        -+^  =  2. 
^  X     y 

..        ax         hy       (a  +  5)c 

24.     +— ^=^^ — —!—,    x  +  y  =  o, 

a+x     o+y     a+b+c 


25.    6p-?^U5  =  6fUl). 
\y     xj  \a;     y) 
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26.  x(^c-xy)=^y{xy'-ae)y  xy{ay-{-hx-xy)  =  abc{x^y-'c), 

27.  (a.-32.  +  -)(x  +  .)  =  6,     [x^-)-  =  ^>     x^-y^-z^T 

2a  (t;  +  a;)(y  +  «)  =  6  +  c-a, 

(i?  +  y)  («  +  a)  =  c  +  a  —  6, 
(t?  +  «)  (a;  +  y)  =  a  +  6  -  c, 
v"  +  sc*  +  y*  +  js;*  =  3  (a  +  6  +  c). 


XXVI.    RATIO. 

369.  Batio  is  the  relation  whidi  one  quantity  bears  to 
another  with  respect  to  magnitude,  the  comparison  being  made 
by  considering  what  multiple,  part,  or  parts,  the  first  is  of  the 
second. 

Thus  in  comparing  6  with  3,  we  observe  that  6  has  a  certain 
magnitude  with  respect  to  3,  which  it  contains  twice ;  again,  in 
comparing  6  with  2,  we  see  that  -6  has  now  a  different  relative 
magnitude,  for  it  contains  2  three  times ;  or  6  is  greater  when 
compared  with  2  than  it  is  when  compared  with  3. 

370.  The  ratio  of  a  to  6  is  usually  expressed  by  two  points 
placed  between  them,  thus,  a  :  6 ;  and  a  is  called  the  antecedent 
of  the  ratio,  and  b  the  consequent  of  the  ratio. 

371.  A  ratio  is  measured  by  the  fraction  which  has  for  its 
numerator  the  antecedent  of  the  ratio,  and  for  its  denominator 
the  consequent  of  the  ratio.     Thus  the  ratio  of  a  to  6  is  measured 

by  T ;  ^Qi^  for  shortness  we  may  say  that  the  ratio  of  sl  to  h  is 

a  a 

equal  to  r^^  or  is  r* 
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372.    Hence  we  may  saj  that  the  ratio  of  a  to  &  is  equal  to 

theratioofctoe?,whenf  =  ^. 

6     a 


373.    If  the  terms  of  a  ratio  he  multiplied  or  divided  hy  the 
same  quantity  the  ratio  is  not  altered. 


a     ina 


For  T=^,  (Art.  135). 

0      7m     ^  ' 


374.  We  may  compa/re  two  or  more  ratios  by  reducing  the 
fractions  which  measure  these  ratios  to  a  commcm  denominator. 

-  Thus  suppose  one  ratio  to  be  that  of  a  to  5,  and  another  ratio  to 

be  that  of  c  to  d\  then  the  first  ratio  T  —  n*  and  the  second 

0     oa 

c       uC 

ratio  ■^  =  j-j»     Hence  the  first  ratio  is  greater  than^  equal  to,  or 

less  than,  the  second  ratio,  according  as  ac^  is  greater  than,  equal 
tOj  or  less  than  be, 

375.  A  ratio  is  called  a  ratio  of  greater  ineqiuility,  of  less 
inequality,  or  of  equality,  according  as  the  antecedent  is  greater 
than,  less  than,  or  equal  to,  the  consequent. 

I  376.-4  ratio  of  greaier  inequality  is  diminished,  amd  a  ratio 
of  less  inequcdity  is  increased,  hy  adding  any  quantity  to  both 
terms  of  the  ratio. 

Let  the  ratio  be  -r ,  and  let  a  new  ratio  be  formed  by  adding 
X  to  both  terms  of  the  original  ratio ;  then  ■=■ is  greater  or  less 

0  "i"  so 

XI-      «            J*          6(a  +  aj).           .          ,       .,       a(h  +  x) 
than  -7 ,  accordmg  as  j-~j- ^  is  greater  or  less  than  t-tt ( ;  that 

0  0  lO  "t*  X)  O  \0  "T  Xj 

is,  according  as  5  (ct  +  a;)  is  greater  or  less  than  a  (6  +  a;) ;  that  is, 
according  as  a;6  is  greater  or  less  than  xa}  that  is,  according  as  h 
is  greater  or  less  than  a. 

377.  A  ratio  of  greater  ineqtudity  is  increased,  and  a  ratio  of 
less  inequality  is  diminished,  by  taking  from  both  terms  of  the  ratio 
any  quantity  which  is  less  than  each  of  those  terms. 
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Let  the  ratio  be  t  9  d'tid  let  a  new  ratio  be  formed  by  taking 

X  from  both  terms  of  the  original  ratio ;  then is  greater  or 

0  ~~  *c 

less  than  •=->  according  as  ^-77 \  is  greater  or  less  than  =-L ■<-  j 

0  ^      o(o-x)       ^  o{p  —  x) 

that  is,  according  as  h{a  —  x)  is  greater  or  less  than  a (6  — as);  that 

is,  according  as  5a;  is  less  or  greater  than  axi  that  is,  according  as 

b  is  less  or  greater  than  a. 

378.  If  the  antecedents  of  any  ratios  be  mtdtiplied  together 
and  also  the  consequents,  a  new  ratio  is  obtained,  which  is  said  to 
be  compounded  of  "the  former  ratios.  Thus  the  ratio  ac  \hd  \a 
said  to  be  compounded  of  the  two  ratios  a  :  h  and  c  :  d. 

379.  The  ratio  compounded  of  two  ratios  is  sometimes  called 
the  sum,  of  those  two  ratios.  When  the  ratio  a  :  6  is  compounded 
with  itself,  the  resulting  ratio  a'  :  V  is  sometimes  called  the 
dovhle  of  the  ratio  a  :  h.     Also  the  ratio  a'  :  6^  is  called  the  triple 

of  the  ratio  a  :  5.     Similarly,  the  ratio  a  :  5  is  sometimes  said 

1  1^ 

to  be  half  of  the  ratio  a* :  6*,  and  the  ratio  a"  :  6"  is  sometimes 

said  to  be  -  ^A  of  the  ratio  a  :  6. 
n 

This  language,  however,  is  now  not  used ;  the  following  terms 
are  in  conformity  with  it,  and  some  of  them  are  still  retained.  The 
ratio  a'  :  &'  is  said  to  be  the  dupliccUe  ratio  oi  a  :  h,  and  the 
ratio  a'  :  5*  the  triplicate  ratio  of  a  :  h.  Similarly,  the  ratio 
Ja  :  pjb  is  called  the  mbduplicate  ratio  of  a  :  6,  and  the  ratio 

^a  :  ^h  the  subtriplicate  ratio  of  a  :  5.     And  the  ratio  cfi  :  h^ 
is  called  the  sesquiplicate  ratio  of  a  :h. 

380.  If  the  consequent  of  the  preceding  ratio  he  the  cmtecedent 
of  the  succeeding  ratio,  and  any  number  of  such  ratios  be  taken,  the 
ratio  which  arises  from  thei/r  composition  is  thcU  of  the  first  antece^ 
dent  to  the  last  consequent. 

Let  there  be  three  ratios,  namely  a  :  h,  h  :  c,  c  :  d;  then  the 
compound  ratio  ia  axbxc  ibxcxd  (Art.  378),  that  is,  a  :  <£ 
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Similarly,  the  proposition  may  be  established  whatever  be  the 
number  of  ratios. 

381.  A  ratio  of  greater  irveguality  compounded  wiih  a/nother 
increases  it,  a/nd  a  ratio  of  less  inequality  compounded  with  anotlker 
diminishes  it. 

Let  the  ratio  a?  :  y  be  compounded  with  the  ratio  a  :  h ;  the 
compound  ratio  ia  osa  :  yh,  and  this  is  greater  or  less  than  the 

ratio  a  :  h,  according  as  — ^  is  greater  or  less  than  -r,  that  is, 

according  as  a;  is  greater  or  less  than  y. 

382.  If  the  difference  between  the  antecedent  and  the  consequent 
of  a  ratio  he  small  compared  wUh  either  of  them,  the  ratio  of  their 
squa/res  is  neo/rly  obtained  by  doithling  this  difference. 

Let  the  proposed  ratio  be  a  +  a;  :  a,  where  x  is  small  compared 
with  a ;  then  a'  +  2ax  +  af  :  a*  is  the  ratio  of  the  squares  of  the 
antecedent  and  consequent.  But  x  is  small  compared  with  a,  and 
therefore  a:"  or  a;  x  a;  is  small  compared  with  2a  x  x,  and  much 
smaller  than  ax  a.  Hence  a*  +  2ax  :  a',  that  is,  a  +  2x  :  a,  will 
nearly  express  the  ratio  (a  +  xY  :  a\ 

Thus  the  ratio  of  the  square  of  1001  to  the  square  of  1000  is 
nearly  1002  :  1000.  The  real  ratio  is  1002-001  :  1000,  in  which 
the  antecedent  differs  from  its  approximate  value  1002  only  by 
one-thousandth  part  of  unity. 

383.  Hence  we  may  infer  that  the  ratio  of  the  square  root  of 
a-\-2x  to  the  square  root  of  a  is  the  ratio  a-¥x  :  a  nearly,  when 
X  is  small  compared  with  a.  That  \&'y  if  the  difference  of  two 
quantities  be  smaU  compared  with  either  of  them,  the  ratio  of  their 
squa/re  roots  is  n/ea/rly  obtained  by  halving  this  difference, 

Li  the  same  manner  as  in  Art.  382  it  may  be  shewn  when  x  is 
small  compared  with  a,  that  a  +  3a;  :  a  is  nearly  equal  to  the  ratio 
(a  +  scf  :  a*,  and  a  +  4a;  :  a  is  nearly  equal  to  the  ratio  {a  +  a;)*  :  a\ 

These  results  may  be  generalised  by  the  student  when  he  is 
acquainted  with  the  Binomial  Theorem. 
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384.    We  will  place  here  a  theorem  lespectiiig  ratios  which 
is  often  of  use. 

suppo8e;;that  I =2  =j., 

then  each  of  these  ratios  is  equal  to 

Kpir+qdr+rf)^ 
where  py  g,  r,  n  are  any  quantities  whateyer. 

For  let    ^=  =-  =  -J  =  -J.:  then 
oaf 

therefore    p{Jcby +  q(jGd)''  +  r{hfY=^pa*-k-qd'-^re*  \ 

and  Ul^±^±l£yf. 

\pb' +  q<t  +  rfj 

The  saiAe  mode  of  demonstration  may  be  applied,  and  a  similar 

result  obtained,  when  there  are  more  than  three  ratios  ts  ->)  -> 

V  d   f 

given  equal.     It  may  be  observed  that  py  q,  r,  n  are  not  neces- 
sarily positive  quantities. 

As  a  particular  example  we  may  suppose  n  =  ly  then  we  see 

that  if  T  =  -7  =  :>  each  of  these  ratios  is  equal  to  ^ — ^ >: 

oaf  ^  pb-^qd  +  r/' 

and  then  as  a  special  case  we  may  suppose  ^  =  ^  =  ^ ,  so  that  each 
of  the  given  equal  ratios  is  equal  to  j- — -y — >. 


EXAMPLES  OF  RATIO. 

1.  Write  down  the  duplicate  ratio  of  2  :  3,  and  the  sub- 
dupHcate  ratio  of  100  :  144. 

2.  Write  down  the  ratio  which  is  compounded  of  the  ratios 
3  :  5  and  7  :  9. 
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3.  Two  numbers  are  in  the  ratio  of  2  to  3,  and  if  9  be  added 
to  each  they  are  in  the  ratio  of  3  to  4.     Find  the  numbers. 

4.  Shew  that  the  ratio  a  :  &  is  the  duplicate  of  the  ratio 
a  +  o  :  6+cifc'=a6. 

5.  There  are  two  roads  from  A  to  B,  one  of  them  14  miles 
longer  than  the  other,  and  two  roads  from  £  to  C,  one  of  them 
8  miles  longer  than  the  other.  The  distances  from  A  to  B  and 
from  JB  to  C  along  the  shorter  roads  are  in  the  ratio  of  1  to  2, 
and  the  distances  along  the  longer  roads  are  in  the  ratio  of  2  to  3. 
Determine  the  distances. 


6.     Solve  the  equations 

ax  +  hy     cz-\-ax     by  -\-  cz 
cz  by  ax 


=  x  +  y  +  z. 


_      ^  ^  a  +(i  X     a  +a  X     a  -ha  x  ,**. 

7.  Prove  that  if    '      '    =    '    ^    =  ^      '   ,  each  of  these 

a^+a^   »8+^iy    »i+«ay 

1+3/ 

ratios  is  equal  to  r ,  supposing  a^  +  a^  +  a^  not  to  be  zero. 

-      ^.    a  —  b         b  —  c         c  —  a         a-¥b-\-c       .,  ,      ^ 

8.  If r-  =  5 = = i >  then  each  of 

ay  +  hx     oz  +  cx     cy  +  az     ax+  oy  +  cz 

these  ratios  = ,  supposing  a  +  b  +  c  not  to  be  zero. 

x+y  +  z       ^^       ° 

c  0  a 

then  -=^=?. 

a     0      c 

tr.     Ti*  ^-^^     b-^V     c^f!  .  ,  ,-    . 

10.     If  -, Tn  I? — 57/,  -7 — T,  be  equal,  prove  that 

a  —a     0  —0     c  —c  ^ 

ah'  —  a'b       be'  —  b'o       ca'  —  c'a  . 

"n?^ — 1^'»  jT^ — x?^?>  ZT^    A^  ^•'^  equal, 
ao  —a  0     DC  —oc     ca  —c  a 

and  equal  to  each  of  the  former;  and  that  each  fraction 

a+6  +  c-(a'  +  6'+c') 


//v  • 


-a'  +  b'+o'-{a"  +  b"+o") 
T.  A.  15 
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XXVIL    PROPOKTION^. 

385.  Four  quantities  are  said  to  be  proportionals  when  the 
first  is  the  same  multiple,  part,  or  parts,  of  the  second,  as  the 

third  is  of  the  fourth;  that  is,  when  j-  =  ~3j  the  four  quantities 

a,  6,  c,  dy  are  called  proportionals.  This  is  usually  expressed  by 
saying,  aisto&as  cistoe^,  and  is  represented  thus,  a  :  b  i:  c  :  d, 
or  thus,  a  :b  =  c  :  cL 

The  terms  a  and  d  are  called  the  ecctremes,  and  h  and  c  the 
means, 

386.  When  /cmr  quantities  a/re  proportionals,  the  product  of 
the  eoctremes  is  equal  to  tfie  product  of  the  means. 

Let  'a,  6,  c,  d  be  the  four  quantities;  then  since  they  are  pro- 
portionals T-  =  J  (Art  385);  and  by  multiplying  both  sides  of 
the  equation  by  hd,  we  have  ad  =  he, 

387.  Hence  if  the  first  be  to  the  second  as  the  second  is  to 
the  third,  the  product  of  the  extremes  is  equal  to  the  square  of 
the  mean. 

388.  If  any  three  terms  in  a  proportion  are  given,  the  fourth 
may  be  determined  from  the  equation  ad=bc, 

389.  If  the  product  of  two  quantities  be  equal  to  the  product 
of  two  others,  the  four  are  proportionals;  the  terms  of  either 
product  being  taken  for  the  means,  and  the  terms  of  the  other 
product  for  the  extremes. 

Let  xy=zab'f  divide  by  ay,  thus,  —  =  - ; 

%»      y 

or  X  :  a  ::b  :  y  (Art.  385). 

390.  If  a  :b  ::  c  :d,  and  c  :  d  i:  e  :f  then 

a  :b  ::  e  :f 


PEOPOKTION.  227 


Because     t-  =  :j  ^^^  ^  =  i-j  therefore  r  =  ^ ; 


or  a  ;  b  ::  e  :/, 

391.  Iffowr  qtmrUUies  be  proportionals,  they  a/re  proportionals 
when  taken  inversely. 

If        a  :b  II  c  \  dj        then    b  :  a  ::  d  :  c. 

•For  r  =  2  ^  divide  unity  by  each  of  these  equal  quantities 

thus  -  =  - ;  or  b  :a  ixd  :  c. 
a     c 

392.  If/our  qiuintitiea  be  proportionals,  they  are  proportionals 
when  taken  alternately. 

If        a  \b  \:  c  I  d,         then     a  :  c  ::b  :  d. 
For  I  =  ^;  multiply  by  ^i  thus  ^  =  | ; 

or  a  :  c  ::  5  :  df. 

Unless  the  four  quantities  are  of  the  same  kind  the  alter- 
nation cannot  take  place;  becaiise  this  operation  supposes  the 
first  to  be  some  multiple^  part^  or  parts,  of  the  third.  One  line 
may  have  to  another  line  the  same  ratio  as  one  weight  has  to 
another  weight,  but  there  is  no  relation,  with  respect  to  magni- 
tude, between  a  line  and  a  weight.  In  such  cases,  however,  if  the 
four  quantities  be  represented  by  numbers,  or  by  other  quantities 
which  are  all  of  the  same  kind,  the  alternation  may  take  place. 

393.  Whenfowr  qua/ntities  are  proportionals,  the  first  together 
with  the  second  is  to  the  second  as  the  third  together  wiih  the  fourth 
18  to  the  fovHh, 

If        a  \b  \\c  \  d,        then    a +  5  \b  \\e-\-d  \  d. 
For  r  —-f}  add  unity  to  both  sides;  thus 


r  +  l=3+l:  that  IS,  — r— =— j~i 
6  d  b  d 


15—2 
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or  a  +  h  :  h  ::  c  +  d  :  d. 

This  operation  is  called  componendo. 

394.  Also  the  excess  of  the  first  above  the  second  is  to  the 
second  as  the  excess  of  the  third  above  thefowrth  is  to  the  fourth. 

For  T^jl  subtract  unity  from  both  sides;  thus 
0     d 

^-l  =  2-l;thatis,-j-=-^; 

or  a  —  h  :  h  ::  c  —  d  :  d. 

This  operation  is  called  dividendo. 

395.  Also  the  fi/rst  is  to  the  eoccess  of  the  fi/rst  above  the  second 
as  the  third  is  to  the  excess  of  the  third  above  the  fourth, 

^    .,     ,    .      ..  ,       a  —  h     c  —  d 


J^J      VAAV^    J.MOV    CbJL  WX\/JIV| 

h           d    ' 

also 

6      J/ 
a  "  c  ' 

therefore         — r—  x  -  = 

6        a 

c—d     d         a—h 

=  --^-  X  -,  or 

d        c            a 

c-d 

_          • 

~     c     ' 

or                                a- 

-b  :  a  ::  c  —  d  :  c, 

and  inversely,              a 

:  a  —  h  ::  c  :  c  —  d. 

This  operation  is  called  convertendo. 

396.  When  four  quantities  are  proportionals^  the  sum  of  the 
Jvtsi  amd  second  is  to  their  differ&nce  as  the  sum  of  the  third  a/nd 
fowrih  is  to  their  difference. 

If        a\h\:cidf        then  a  +  5  :  a-6  ::  c  +  o? :  c-ct 

a  +  h     c  +  d 


By  Art.  393, 
and  by  Art.  394, 


b  d   ' 

a  —  b^c  —  d^ 


r 


therefore 


that  is> 
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a  +  b  ^  a^b     c  -hd  ^  c  —  d 
~~b~"^~T'^~d~'^~d'' 

a-¥b     c  +  d 


a  —  b     c^d' 
or  a  +  b  :  a  —  b  ::  c-^d  :  c  —  d. 

397.  WTien  any  nurnher  ofquantUiea  are  proportionals,  as  one 
antecedent  is  to  its  consequent,  so  is  the  sum  of  all  the  antecedents  to 
the  sum  of  all  the  consequents. 

Let  a  :  b  ::  c  :  d  ::  e  :  f; 

then  a  :  b  ::  a  +  c  +e  :  b  +  d -{-f 

For         ad=bc,         and     qf=be,  {Art  ZS6), 
also        aib  =  ba;      hence  ab-hod-h af=  ba-^bc  +  be; 
that  is,  a  {b  +  d+f)  =  b{a  +  c  +  e). 

Hence,  4^7  Art.  389,     a  :  b  ::  a  +  c  +  e  :  b  +  d+f. 

Similarly  the  proposition  may  be  established  when  more  quan- 
tities are  taken. 

398.  When  fov/r  qiumtities  a/re  proportionals,  if  the  Jvrsb  and 
second  be  multiplied,  or  divided,  by  any  quantity,  as  also  the  third 
andfov/rth,  the  resulting  quantities  udll  be  proportionals. 

Let        a  :  b  ::  c  :  d,        then    ma  :  mb  ::  no  :  nd, 

a     e     ..      ^       ma     nc 
For  T  =  i9   therefore  -1-=—^; 

b     d  ml)      nd 

or  ma  :  mh  :\nc  \  nd, 

399.  If  the  first  a/ad  third  be  multiplied,  or  divided,  by  amy 
qmmtity,  a/nd  also  the  second  a/nd  fou/rth,  ^e  resulting  quantities 
ioUl  be  proportionals. 

Let        a  :  b  ::  c  :  d,        then  ma  :  nb  ::  mc  :  nd, 

_  a     e     .,       ^       ma     Tnc         .  ma     mc 

For        T=  -,}  therefore  -r-  =  -j-  >  a'ld  — r  =  — 3  J 
b      d  b        d  Tib      nd 

or  ma  irib  ximc  \  nd* 
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400.  In  two  ranks  of  proporlionalsy  if  ike  eorrespom^Kng  iemu 
he  m/ultiplied  togethety  the  products  mU  he  proportionaU, 

Let  a  :  h  ::  e  :  d, 

and  e  i  f  ::  g  :  h^ 

then  ae  :  hf  ::  eg  :  dh^ 

For        r  =  -3  and  >=  t )  therefore  -s-?  =  -^i 
o      a         J      n  of     an 

or  ae  \  hf  \\  eg  \  dh. 

This  is  called  eompovmding  the  proportions.  The  proposition 
is  true  if  applied  to  any  nnmber  of  proportions. 

401.  If  fowr  quantities  he  proportionals^  the  like  powers,  or 
roots,  of  these  quamiUiee  tmll  he  proportionals. 

Let  a  :  h  ::  e  I  d,        then  a"  :  6"  ::  c"  :  d*. 

n  a 

For  T  —  »')  therefore  Ti  =  ;Ti>  where  n  may  be  whole  or  frac- 
tional; thus 

a"  :  6"  ::  c"  :  d^. 

402.  li  a  :h  x:h  :  c,      then  a  :  c  ::  a'  :  6*. 
For  |.=  -^ ;  multiply  by  ?,  thus  |  x  |  =|  x  - , 

that  18,  rr  =  - ; 

or  «:<?::«':  6*. 

The  three  quantities  a,  h,  c  are  in  this  case  said  to  be  in 
continued  proportion;  and  h  is  said  to  be  a  mean  proportional 
between  a  and  c. 

403.  Similarly  we  may  shew  that  i£a  :h  ::h  :  c  ::  c  :  c?,  then 
a  I  d  ::  a*  :  h\  Here  the  four  quantities  a,  h,  c,  d  are  said  to  be 
in  continued  proportion. 
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404.  It  is  obvious  from  the  preceding  articles,  that  if  four 
quantities  are  proportionals,  we  may  derive  from  them  many 
other  proportions.     We  will  give  another  example. 

If  a  :  h  ::  c  :  d,  then 

ma+nb  :  pa  +  qb  ::  mc-hnd  :  pc  +  qd. 

For  T  =  J  J  therefore  -^-  =  -r  j 

0     d  0       d 

add  n  to  both  sides;  thus 

ma  +  nb     mc  +  nd 


Similarly 


h  ,d 

pa  -^qh     j9c  4-  qd 
~T~  "      d 


„  ma  +  nb     pa  +  qb  ^mc-^nd    pc-\-qd 

Hence  __  ^  _______  ^  ___ ; 

that  18,  =-  = 7  : 

pa  +  qo      pc  +  qd 

or  «ta  +  7i6  :  pa  +  qb  ::  mc  +  tw?  :  pc  +  qd, 

'  405.  In  the  definition  of  Proportion  it  is  supposed  that  one 
quantity  is  some  determinate  multiple,  part,  or  parts,  of  another; 
or  that  the  fraction  formed  by  taking  one  of  the  quantities  as  a 
numerator,  and  the  other  as  a  denominator,  is  a  determinate 
fraction.  This  will  be  the  case  whenever  the  two  quantities  have 
any  common  measure  whatever.  For  let  a?  be  a  common  measure 
of  a  and  b,  and  let  a  =  mx  and  b  =  nx;  then 

a     mx  __  m 
b      nx      n^ 

where  m  and  n  are  whole  numbers. 

406.  But  it  sometimes  happens  that  quantities  are  incom- 
menswrcbbUy  that  is,  admit  of  no  common  measure  whatever.  If, 
for  example,  one  line  is  the  side  of  a  square,  and  another  line  is 
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the  diagonal  of  the  same  square,  these  lines  are  inwmmenswroMe, 
In  such  cases  the  value  of  j-  cannot  be  expressed  by  any  fraction 

—  where  m  and  n  are  whole  numbers :  yet  a  fraction  of  this  kind 
n  . 

may  be  found  which  will  express  the  value  of  r  to  any  required 

degree  of  accuracy. 

For    let    h=7vx,    where   n   is    an   integer;     also  let    a  be 

greater  than  mx  but   less  than  (w+l)a;;    then   7-   is  greater 

than  — ,  but  less  than .     Thus  the  difference  between  -r 

n  n  b 

m  1 

and  —  is  less  than  - .     And  since  tioj  =  6,  when  x  is  diminished 
n  n 

n  is  increased  and  -  is  diminished.      Hence  by  taking  x  small 

enough,  -  can  be  made  less  than  any  assigned  magnitude,  and 

therefore  the  difference  between  —  and  =-  can  be  made  less  than 

n  0 

any  assigned  magnitude. 

407.     If  c  and  d  as  well  as  a  and  b  are  incommensurable, 

and  if  when   r  lies  between  —  and  ,  then  -7   also    lies 

b  n  n  d 

between  —  and howe'^er  the  numbers  m  and  n  are  increased. 

n  n  * 

=-  is  equal  to  -3 . 

For  if  T  and  ^  are  not  equal,  they  must  have  some  assignable 

difference,  and  because  each  of  them  lies  between  —  and , 

n  n 

this  difference  must  be  less  than  -.     But  since  n  may,  by  sup- 
position, be  increased  without  limit,  -  may  be  diminished  without 
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limit ;  that  is,  it  may  be  made  less  than  any  assigned  magnitude; 

£1  ft 

therefore  j-  and  -^  have  no  assignable  difference,  so  that  we  may 

Bay  that  t='-t*     Hence  all  the  propositions  respecting  propor- 
tionals ai*e  true  of  the  four  magnitudes  a,  6,  c,  d, 

408i  It  will  be  useful  to  compare  the  definition  of  proportion 
which  has  been  given  in  this  chapter  with  that  which  is  given  in 
the  fifth  book  of  Euclid.  The  latter  definition  may  be  stated 
thus;  four  quantities  are  proportionals  when  if  any  equimultiples 
be  taken  of  the  first  and  third^  and  also  any  equimultiples  of  the 
second  and  fourth,  the  multiple  of  the  third  is  greater  than, 
'  equal  to,  or  less  than,  the  multiple  of  the  fourth,  according  as  the 
multiple  of  the  first  is  greater  than,  equal  to,  or  less  than,  the 
multiple  of  the  second.  We  will  first  shew  that  the  property 
involved  in  this  definition  follows  from  the  algebraical  defini- 
tion. 

For  suppose  a  :  h  \:  c  i  d',   then  t-=  ;t>  therefore  ^  =  ^« 

Hence  pc  is  greater  than,  equal  to,  or  less  than  qd^  according  as 
pa  is  greater  than,  equal  to,  or  less  than  qh, 

409.  Next  we  may  deduce  the  cJgebraical  definition  of  pro- 
portion from  Euclid's.'  Let  a,h,  c^  d  be  four  quantities,  such  that 
pc  is  greater  than,  equal  to,  or  less  than  qd^  according  as  jpa  is 

greater  than,  equal  to,  or  less  than  qh^  then  shall  t  =  ;^ .     First 

suppose  c  and  d  are  cowmensurahle ;  then  we  can  take  p  and  q 
such  that  pc  =  qd;  hence,  by  hypothesis,  pa  =  qh.     Thus 

pc^^-i  _pc 
qh  qd* 

a     c 
and,  T*  =  "^  • 

h     d 

Next  suppose  c  and  d  are  iTiMmvm&Mfwrahle;  then  we  can 
not  find  whole  numbers  p  and  q  such  that  pc  =  qd.     In  this  case 
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Uke  any  multiple  a(  e  sm  pe;  tfaen  smoe  tins  quantity  must  lie 
between  Mcme  two  oonsecatiye  nmltiples  of  d^  soppose  it  to  lie 

between  qd  and  (^+  l)dL     Thus  ^  is  greater  than  nniiy,  and 

,       ,.  y  is  less  than  unify ;  therefore  ^  is  greater  than  -  and  less 
(q'^l)d  ^^  d      ^  p 

than        - «     And,  by  hypothesis^  ^  is  also  greater  than  unity, 

and  /    ^,  ,    is   less   than  unity,   so  that   v-  is  greater  than  - 
((7+1)6  ^  b       ^  p 

nr  4.  1 

and  less  than     -  — .     Since  these  results  are  true  however  great 

P 

p  and  q  may  be,  it  follows,  by  Art.  407,  that  t=^  -j- 

410.  It  is  usually  stated  that  the  common  algebraical  defmi- 
tion  of  proportion  cannot  be  used  in  Geometiy,  because  there  is  no 
method  of  representing  geometrically  the  result  of  the  operation 
of  division.  Lines  can  be  represented  geometrically,  bat  not  the 
abstract  number  which  expresses  how  often  one  line  is  contained 
in  another.  But  it  should  also  be  noticed  that  Euclid's  definition 
is  rigoroiLS  and  can  be  applied  to  incommensurable  as  well  as 
to  oomtnenaurdble  quantities,  while  the  algebraical  definition  is, 
strictly  speaking,  confined  to  the  latter  quantities.  Hence  this 
connideration  alone  would  furnish  a  sufficient  reason  for  the  de- 
finition adopted  by  Euclid. 


EXAMPLES   OF  PROPORTION. 

1.  The  last  three  terms  of  a  proportion  being  4,  6,  8,  what  is 
the  first  term ) 

3,     Find  a  third  proportional  to  25  and  400. 

3.  If  3,  OQ^  1083  are  in  continued  proportion,  find  x, 

4,  If  2  men  working  8  hours  a  day  can  copy  a  manuscript  in 
32  daj8>  in  how  many  days  can  x  men  working  y  hoars  a  day 
copy  ilt 
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5.  If  a;  and  y  be  unequal  and  x  have  to  y  the  duplicate  ratio 
oi  x  +  z  to  y  +  z,  prove  that  ;e;  is  a  mean  proportional  between  x 
andy. 

6.  If  a  :  6  ::  p  :  q.  then  a*  +  6'  : r  ::  p"  +  7*  :  ^^ — . 

a  +  h     ^      ^     p+q 

7.  If  four  quantities  are  proportionals,  and  the  second  is  a 
mean  proportional  between  the  third  and  fourth,  the  third  will  be 
a  mean  proportional  between  the  iirst  and  second, 

8.  If 

prove  that  a,  6,  c,  d  are  proportionals. 

9.  Shew  that  when  four  quantities  of  the  same  kind  are  pro- 
portional, the  greatest  and  least  of  them  together  are  greater  than 
the  other  two  together. 

10.  Each  of  two  vessels  contains  a  mixture  of  wine  and 
water;  a  mixture  consisting  of  equal  measures  from  the  two 
vessels  contains  as  much  wine  as  water,  and  another  mixture 
consisting  of  four  measures  from  the  first  vessel  and  one  from 
the  second  is  composed  of  wine  and  water  in  the  ratio  of  2  :  3. 
Find  the  proportion  of  wine  and  water  in  each  of  the  vessels. 

11.  A  and  B  have  made  a  bet,  each  staking  a  sum  of  money 
proportional  to  all  the  money  he  has.  If  A  wins  he  will  have 
double  what  B  will  have,  but  if  he  loses,  B  will  have  three  times 
what  A  will  hava  AU  the  money  between  them  being  £168, 
determine  the  circumstances. 

12.  If  the  increase  in  the  number  of  male  and  female  crimi- 
nals be  1*8  per  cent.,  while  the  decrease  in  the  number  of  males 
alone  is  4*6  per  cent.,  and  the  increase  in  the  number  of  females 
is  9 '8;  compare  the  number  of  male  and  female  ciiminals  re- 
spectively. 
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XXYIIL    YARIATIOK 

411.  The  present  chapter  consists  of  a  series  of  propositions 
connected  with  the  defmitions  of  ratio  and  proportion  stated  in  a 
new  phraseology,  which  is  convenient  for  some  purposes. 

• 

412.  One  quantity  is  said  to  vary  directly  as  another  when 
the  two  quantities  depend  upon  each  other,  and  in  such  a  man- 
ner that  if  one  be  changed  the  other  is  changed  in  the  same 
proportion. 

Sometimes  for  shortness  we  omit  the  word  directly ,  and  say 
simply  that  one  quantity  varies  as  another. 

413.  Thus,  for  example,  if  the  altitude  of  a  triangle  be  in- 
variable, the  area  varies  as  the  base ;  for  if  the  base  be  increased 
or  diminished,  we  know  from  Euclid  that  the  area  is  increased  or 
diminished  in  the  same  proportion.  We  may  express  this  result 
by  Algebraical  symbols  thus;  let  A  and  a  be  nwmibera  which 
represent  the  areas  of  two  triangles  having  a  common  altitude,  and 
let  B  and  h  be  numhera  which  represent  the  bases  of  these  tii- 

A     B 

angles  respectively ;    then  —  =  — .     And  from  this  we  deduce 

Oi        0 

A      a 

■^  =  - ,  (Art.  392).     If  there  be  a  third  triangle  having  the  same 

altitude  as  the  two  already  considered,  then  the  ratio  of  the  num- 
ber which  represents  its  area  to  the  number  which  represents  its 

base  will  also  be  equal  to  7-.    Put  7-  =  w*,  then  -5=  w*  and  A  =  mB, 

00  B 

Here  A  may  represent  the  area  of  any  one  of  a  series  of  triangles 

which  have  a  common  altitude,  and  B  the  corresponding  base, 

and  m  remains  constant.      Hence  the  statement  that  the  area 

varies  as  the  base  may  also  be  expressed  thus;   the  area  has  a 

constant  ratio  to  the  base ;  by  which  we  mean,  in  accordance  with 
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Article  392,  that  the  nvmber  which  represents  the  area  bears  a 
constant  ratio  to  the  number  which  represents  the  base. 

We  have  made  these  remarks  for  the  purpose  of  explaining 
the  natation  and  language  which  will  be  used  in  the  present 
chapter.  "When  we  say  that  A  varies  as  J?,  we  mean  that  A 
represents  the  numerical  value  of  any  one  of  a  certain  series  of 
quantities,  and  B  the  numerical  value  of  the  corresponding  quan- 
tity in  a  certain  other  series,  and  that  A  =  mB,  where  m  is  some 
number  which  remains  constant  for  every  corresponding  pair  of 
quantities. 

We  will  give  a  formal  proof  of  the  equation  A  =  mB  deduced 
from  the  definition  of  Art.  412. 

414.  If  A.  va/ry  as  B,  then  A  is  equal  to  B  multiplied  by  some 
consta/rvt  quantity. 

Let  a  and  b  denote  one  pair  of  corresponding  values  of  two 

.       A     B 
quantities,  and  let  A  and  B  denote  any  other  pair ;    then  —  =  v 

by  definition.     Hence  A  =  j-B  =  mB,  whei-e  m  is  equal  to  the 

a 
constant  t-. 

0 

415:  The  symbol  oc  is  used  to  express  variation;  thius  AocB 
stands  for  A  varies  as  B, 

416.  One  quantity  is  said  to  vary  inversely  as  another  when 
the  first  varies  as  the  reciprocal  of  the  second ;  see  Art.  263. 


m 
r  It  -d  = 

as  B. 


Or  if  4  =  -s,  where  m  is  constant,  A  is  said  to  vary  inversely 
B 


417.  One  quantity  is  said  to  vary  as  two  others  jointly  when, 
if  the  former  is  changed  in  any  manner,  the  product  of  the  other 
two  is  changed  in  the  same  proportion. 

Or  if -4  =mBOj  where  m  is  constant,  A  is  said  to  vary  jointly 
as  B  and  G. 
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418.  One  quantity  is  said  to  vaiy  directly  as  a  second  and 
inversely  as  a  third,  when  it  varies  jointly  as  the  second  and  the 
reciprocal  of  the  third. 

Or  if  A  =  ^YT  y  where  m  is  constant,  A  is  said  to  vary  directly 
as  B  and  inversely  as  G. 

419.  IfAooB,andBooCy  then  AooC, 

For  let  A  =  mJB,  and  B  =■  nCy  where  m  and  n  are  constants  j 
then  A  —  mnC ;  and,  as  mn  is  constant,  AocC. 

420.  //•  A oc  C,  owe?  BccO,  then  Ad.  B  CO  0,  and  J{AB)  ooC. 

For  let  A  =  mC,  and  B  =  rUJ,  where  m  and  n  are  constants; 
then  A+B  =  (m-\-n)0,  &nd  A  —  B  =  (m  —  n)  0 ;  therefore  A  ^ B  oo  C. 
Also  J{AB)  =  J{mnC')  =  0  J{mn) ;  therefore  J{AB)  oc  0. 

A  A 

421.  If  A ccBOy  ^i&n  Ba^^yOmdQoz*^, 

\  A  A 

For  let  A  =  mBd  then  jB  =  —  7^ ;  therefore  B  cc-^.     Simi- 

larly  Occ-r^. 

422.  7/*  AccB,  awc^  CocD,  «Ae7&  ACocBD. 

For  let  A  =  mB,  and  G  =  nDy  then  AG=^mnBD]    therefore 

423.  7/*  A  ocB,  <Ae7i  A"  oc  B". 

For  let  A  =  mB,  then  -4"  =  w"5" ;  therefore  -4"  «  5". 

424.  ii^  A  oc  B,  then  AP  ©c  BP,  where  P  w  any  quantity 
varidble  or  invdriahle. 

For  let  A  =  mB,  then  AT  =  mBP',  therefore  APocBP. 

425.  7/"  A  oc  B  wAeii  C  is  invariable,  and  A  oc  0  t^Aen  B  is 
invariabky  then  will  A  oc  BO  when  both  B  and  0  a/re  variable. 

The  variation  of  A  depends  upon  the  variations  of  the  two 
quantities  B  and  C7j    let  the  variations  of  the  latter  quantities 
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take  place  separately,  &ni  when  ^  is  changed  to  h,  let  A  be 

A     B 

changed  to  a';    then,  by   supposition,    —=---.     Now  let  G  be 

changed  to  c,  and  in  consequence  let  a!  be  changed  to  a ;  then,  by 
supposition,   —  =  — .     Thus 

A     a_^BC, 
a'      a"  he  ' 

that  is,  —  =  -i—  > 

a      he 

therefore  A  oc  BC. 

A  very  good  example  of  this  proposition  is  furnished  in 
Geometry.  It  can  be  proved  that  the  area  of  a  triangle  varies 
as  the  base  when  the  height  is  invariable,  and  that  the  area  varies 
as  the  height  when  the  base  is  invariable.  Hence  when  both  the 
base  and  the  height  vary,  the  area  varies  as  the  product  of  the 
numbers  which  express  the  base  and  the  height. 

426.  In  the  same  manner  if  there  be  any  number  of  quan- 
tities B,  G,  Z>,  &c.  each  of  which  varies  as  another  A  when  the 
rest  are  constant;  when  they  are  all  changed,  A  varies  as  their 
product. 


EXAlfPLES   ON   VARIATION. 

1.  Given  that  y  varies  as  x,  and  that  y  =  2  when  a;=  1,  what 
will  be  the  value  of  y  when  x=2'i 

2.  If  a  varies  as  h  and  a  =  15  when  5=3,  find  the  equation 
between  a  and  h. 

3.  Given  that  z  varies  jointly  as  x  and  y,  and  that  « =  1 
when  x  =  l  and  y  =f  1,  find  the  value  of  z  when  x  =  2  and 
y  =  2. 

4  If  z  varies  as  mx  +  y,  and  if  «  =  3  when  «?=  1  and  y-2, 
and  z=i5  when  x  =  2  and  y^3,  find  m. 
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5.  If  X  varies  directly  as  y  when  ss  is  constant,  and  inverselj 
as  z  when  y  is  constant,  then  if  y  and  z  both  vary,  x  will  vary 

y 

as -. 
z 

6.  If  3,  2,  1,  be  simultaneous  values  of  a:,  y,  «  in  the  pre- 
ceding example,  determine  the  value  of  x  when  y  =  2  and  «  =  4. 

7.  The  wages  of  5  men  for  6  weeks  being  £14.  55.,  how 
many  weeks  will  4  men  work  for  £19  ?     (Apply  Example  5.) 

8.  If  the  square  of  x  vary  as  the  cube  of  y,  and  x=2  when 
y  =  3,  find  the  equation  between  x  and  y. 

9.  Given  that  y  varies  as  the  sum  of  two  quantities,  one  of 
which  varies  as  x  directly,  the  other  as  x  inversely,  and  that 
y  =  4  when  a?  =  1  and  y  =  5  when  xs=2,  find  the  equation  be- 
tween X  and  y. 

10.  If  one  quantity  vary  directly  as  another,  and  the  former 
be  f  when  the  latter  is  i,  what  will  the  latter  be  when  the  former 
is9? 

11.  If  one  quantity  vary  as  the  sum  of  two  others  when 
their  difference  is  constant,  and  also  vary  as  their  difference  when 
their  sum  is  constant,  shew  that  when  these  two  quantities  vary 
independently,  the  first  quantity  will  vary  as  the  difference  of 
their  squares. 

12.  Given  that  the  volume  of  a  sphere  varies  as  the  cube  of 
its  radius,  prove  that  the  volume  of  a  sphere  whose  radius  is 
6  inches  is  equal  to  the  sum  of  the  volumes  of  three  spheres 
whose  radii  are  3,  4,  5  inches. 

13.  Two  circular  gold  plates,  each  an  inch  thick,  the  diame- 
ters of  which  are  6  inches  and  8  inches  respectively,  ara  melted 
and  formed  into  a  single  circular  plate  one  inch  thick.  Find  its 
diameter,  having  given  that  the  area  of  a  circle  varies  as  the 
square  of  its  diameter. 

14.  There  are  two  globes  of  gold  whose  radii  are  r  and  r'; 
they  are  melted  and  formed  into  a  single  globe.     Find  its  radius. 


EXAMPLES  ON  VABIATION.        CHAPTER  XXVIII.       241 

15.  If  X,  y,  z  be  variable  quantities  such  that  y-^z  —  x  is 
constant,  and  that  (a?  +  y  — «)(«  +  « -y)  varies  as  yz^  prove  that 
oj  +  y  +  «  varies  as  yz. 

16.  A  point  moves  with  a  speed  which  is  different  in  different 
miles,  but  invariable  in  the  same  mile,  and  its  speed  in  any  mile 
varies  inversely  as  the  number  of  miles  travelled  before  it  com- 
mences this  mile.  If  the  second  mile  be  described  in  2  hours, 
find  the  time  occupied  in  describing  the  w*^  mile. 

17.  Suppose  that  y  varies  as  a  quantity  which  is  the  sum  of 
three  quantities,  the  first  of  which  is  constant,  the  second  varies 
as  as,  and  the  third  as  fc*.  And  suppose  that  when  a;  =  a,  y  =  0, 
when  x=2a,  y  =  a,  and  when  x  =  3a,  y  =  ^a.  Shew  that  when 
x^na,  y=(7i— l)'a. 

18.  Assuming  that  the  quantity  of  work  done  varies  as  the 
cube  root  of  the  number  of  agents  when  the  time  is  the  same,  and 
varies  as  the  square  root  of  the  time  when  the  number  of  agents  is 
the  same ;  find  how  long  3  men  would  take  to  do  one-fifth  of  the 
work  which  24  men  can  do  in  25  hours.     (See  Art.  426.) 

XXIX.    SCALES  OF  NOTATION. 

427.  The  student  will  of  course  have  learned  from  Arith- 
metic that  in  the  ordinary  method  of  expressing  integer  numbers 
by  figures,  the  number  represented  by  each  particular  figure  is 
always  some  multiple  of  some  power  of  ten.  Thus  in  347  the  3 
represents  3  hundreds,  that  is,  3  times  10';  the  4  represents  4 
tens,  that  is,  4  times  10*;  and  the  7  which  represents  7  units, 
may  be  said  to  represent  7  times  10". 

This  mode  of  representing  numbers  is  called  the  common  scale 
of  notatiouy  and  10  is  said  to  be  the  hose  or  radix  of  the  common 
scala 

428.  "We  shall  now  prove  that  any  positive  integer  greater 
than  unity  may  be  used  instead  of  10  for  the  radix,  and  shall  shew 
how  to  express  a  number  in  any  proposed  scale.  We  shall  then 
add  some  miscellaneous  propositions  connected  with  this  subject. 

T.  A.  16 
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The  figmes  hf  means  of  which  a  number  is  cxpreBwed  are 
called  di{t^ 

When  we  qieak  m  fdinie  of  an^^  radix  we  shall  always  mean 
that  tills  radix  is  some  positiye  int^er  greater  than  nni^. 

429.  To  shew  that  any  poMve  imleger  may  he  expressed  in 
terms  of  any  radix. 

Let  N  denote  the  nnmber,  r  the  radix.  Suppose  that  t^  is 
the  highest  power  of  r  which  is  not  greater  than  N-y  divide  If 
\>y  7^ J  and  let  p^  be  the  quotient  and  N^  the  remainder;  thus 

Here,  by  supposition,  p^  is  less  than  r ;  also  N^  is  less  than  t'. 
Next  divide  N^  by  r^"',  and  let  p^_^  be  the  quotient  and  N^  the 
remainder;  thus 

Proceed  in  this  way  until  the  remainder  is  less  than  r;  thus 
we  find  N  expressed  in  the  manner  indicated  by  the  equation 

^^P/'-^Pn-x^"'^ +!>/+/>/ +l>o- 

Each  of  the  digits  />„,  />._,, p^t  Po  is  less  than  r,  and  any 

one  or  more  of  them  after  the  first  may  be  zero. 

430.  To  express  a  given  integer  number  in  am/y  proposed  scale. 

By  a  given  integer  number  we  mean  a  number  expressed  in 
words  or  else  expressed  by  digits  in  some  assigned  scale.  If  no 
scale  is  mentioned,  we  understand  the  common  scale  to  be  in- 
tended. 

Let  iV  be  the  given  number,  r  the  radix  of  the  scale  in  which 

it  is  to  be  expressed.     Suppose  j9^,j9j, p^  to  be  the  required 

digits  by  which  N  is  expressed  in  the  new  scale,  beginning  with 
that  on  the  right  hand;  then 

N=py+p^,y'  + -^p/^p^r-^p^] 

we  have  now  to  find  the  value  of  each  digit. 

Divide  N  by  r,  and  let  Q^  denote  the  quotient;   then  it  is 
obvious  that 
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and  that  the  remainder  is  p^.  Hence  p^  is  found  by  this  rule ; 
divide  the  given  number  hy  the  proposed  radix,  and  the  remainder 
is  the  first  of  the  required  digits. 

Again,  divide  Q^  by  r,  and  let  Q^  denote  the  quotient;  then 
it  is  obvious  that 

and  that  the  remainder  is  pi.  Hence  the  second  of  the  required 
digits  is  ascertained. 

By  proceeding  in  this  way  we  shall  determine  in  succession  all 
the  required  digits. 

431.  For  example,  transform  43751  into  the  scale  of  which 
6  is  the  radix.  The  division  may  be  performed  and  the  remainders 
noted  thus : 

6J43751 

6^729  1 5 

6J1  2  1  5 .1 

6J202 3 

6  j33 4 

~5 3 

Thus  43751  =5.6* +  3.6* +  4.6" +  3. 6' +1.6 +  5, 

so  that  the  number  is  expressed  in  the  new  scale  thus,  534315. 

432.  Again,  transform  43751  into  the  scale  of  which  12  is 
the  radix. 

12j4375  1 

12^3  6  45 11 

12^3  0  3 9 

12^25 3 

2 1 

Thus  43751  ;=  2.12*  + 1.12"  +  3.12"  +  9.12  + 11. 

16-2 
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In  expressing  the  number  in  the  new  scale  we  shall  require 
a  single  symbol  for  eleven;  let  it  be  e;  then  the  number  is  ex- 
pressed in  the  new  scale  thus,  21396. 

We  cannot  of  course  use  11  to  express  eleven  in  the  new 
scale,  because  11  now  represents  1.12+1,  that  is,  thirteen, 

433.  We  will  now  consider  an  example  in  which  a  number  is 
given,  not  in  the  common  scale. 

A  number  is  denoted  by  <347e  in  the  scale  of  which  twelve  is 
the  radix,  it  is  required  to  express  it  in  the  scale  of  which  eleven 
is  the  radix. 

Here  t  stands  for  ten^  and  e  for  eleven. 

ejt3  4:7  e 

e  2  7  3 2 

The  process  of  division  by  eleven  is  performed  thus.  First 
e  is  not  contained  in  t,  for  eleven  is  not  contained  in  ten,  so  we 
ask  how  often  is  e  contained  in  t3  ?  here  t  stands  for  ten  times 
twelve,  that  is  one  hundred  and  twenty,  so  that  the  question  is, 
how  often  is  eleven  contained  in  one  hundred  and  twenty-three? 
the  answer  is  eleven  times,  with  two  over.  Next  we  ask  how 
often  is  e  contaiued  in  24;  that  is,  how  often  is  eleven  contained 
in  twenty-eight?  the  answer  is  twice,  with  six  over.  Then  how 
often  is  e  contained  in  67;  that  is,  how  often  is  eleven  contained 
in  seventy-nine?  the  answer  is  seven  times,  with  two  over. 
Lastly,  how  often  is  e  contained  in  2e;  that  is,  how  often  is 
eleven  contained  in  thirty -five?  the  answer  is  three  times,  with 
two  over. 

Hence  2  is  the  first  of  the  required  digits. 
The  remainder  of  the  process  we  will  indicate;  the  student 
should  carefully  work  it  for  himself,  and  then  compare  his  result 
with  that  here  given. 

g;e27  3 

eJlO  2t 1 

e)l  1  4 .2 

e)\  2 3 

1 3 
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Hence  the  given  number  is  equal  to 

l.e*  +  3.e*  +  6.e"  +  2.e'  +  l.e  +  2  5 
that  is,  it  is  expressed  in  the  scale  with  radix  eleven  thu^,  136212. 

434.  It  will  be  easy  to  form  an  unlimited  number  of  self- 
verifying  examples.  Thus,  take  two  numbers  expressed  in  the 
common  scale  and  obtain  their  product,  then  transform  this  pro- 
duct into  any  proposed  scale;  next  transform  the  two  numbers 
into  the  proposed  scale,  and  obtain  their  product  in  this  scale; 
the  result  should  of  course  agree  with  that  already  obtained.  Or, 
take  any  number,  square  it,  transform  this  square  into  any  pro- 
posed scale,  and  extract  the  square  root  in  this  scale;  then  trans- 
form the  last  result  back  to  the  original  scale. 

435.  Next  let  it  be  required  to  transform  a  given  fraction 
from  one  scale  to  another.  This  may  be  effected  by  transforming 
(separately  the  numerator  and  denominator  of  the  given  fraction 
by  the  method  of  Art.  430.  Thus  we  obtain  a  fraction  identical 
with  the  proposed  fraction,  having  its  numerator  and  denominator 
expressed  in  the  new  scale. 

436.  We  stated  in  Art.  427,  that  in  the  common  scale  of 
notation,  each  digit  which  occurs  in  the  expression  of  any  integer 
by  figures  represents  some  fmdtiple  of  some  power  of  ten.  This 
statement  may  be  extended,  and  we  may  assert  that  if  a  number 
be  expressed  in  the  common  scale,  and  the  number  be  an  integer^ 
or  a  decimal  fraction,  or  partly/  an  integer  a^d  partly  a  decimal 

fraction,  then  each  digit  represents  some  multiple  of  som^  power 

of  ten.     Thus  in  347*958  the  3,  the  4,  and  the  7,  have  the  values 

9 
assigned  to  them  in  Art.  427;    the  9  represents   =-^,  that  is, 

9  times  10"* ;  the  5  represents  r-7wr>  that  is,  5  times  10"';  and 

Q 

the  8  represents  Yc\ci(\  >  *^**  ^®'  ^  times  10 


-8 


It  may  therefore  naturally  occur  to  us  to  consider  the  follow 
Ing  problem:  required  to  express  a  given  fraction  by  a  series  of 
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fractions  in  any  proposed  scale  analogous  to  decimal  frctctions  in 
the  common  scale.  We  will  speak  of  such  fractions  as  rcuUx- 
fractions* 

437.     Required  to  express  a  given  fraction  hy  a  series  ofradix" 
fra^ioTis  in  any  proposed  scale. 

By  a  given  fraction  we  mean  a  fraction  expressed  in  words 
or  expressed  by  figures  in  any  given  scale.  Let  F  denote  the 
given  fraction,  r  the  radix  of  the  proposed  scale.  Suppose  t^^ 
t  ...  the  numerators  of  the  required  radix-fractions  beginning 
from  the  left;  thus 

r     r^ 


where  t^,  t^,  t^,, are  to  be  found. 

Multiply  both  members  of  the  equation  by  r;  thus 


^  t      t 

'     r      r 


The  right-hand  member  consists  of  an  integer  t^  and  an 
additional  fractional  part  Let  /,  denote  the  integral  part  of  Fr, 
and  F^  the  fractional  remainder;  then  we  must  have 

*  1'  1m  a." 

Thus,  to  obtain  the  first  numerator,  t^,  of  the  series  of  radix- 
fractions,  we  have  this  rule;  multiply  the  given  fraction  by  the 
proposed  radix;  then  the  greatest  integer  in  the  prodtict  is  the  first 
of  the  required  numeraiors. 

Again,  multiply  F^  by  r;  let  /,  be  the  integral  part  of  the 
product,  and  F^  the  fractional  remainder;  then 

7  -<       F  -hi  A.h.  4. 

Hence  t^y  the  second  of  the  required  numerators,  is  ascertained. 
By  proceeding  in  this  way  we  shall  determine  the  required  nu- 
merators in  succession.  If  one  of  the  products  which  occur  on 
the  left-hand  side  of  the  equations  be  an  exact  integer,  the  proce^ 
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then  terminates,  and  the  proposed  fraction  is  expressed  by  a  finite 
series  of  radix-fractions.  If  no  integral  product  occur,  the  process 
never  terminates,  and  the  proposed  fraction  can  only  be  expressed 
by  an  infinite  series  of  the  required  radix-fractions;  the  numera- 
tors of  the  radix-fractions  will  recv/r  like  a  recurring  decimal. 

438.  We  may  remark  that  the  rddix  ten  is  not. only  the  base 
of  the  common  mode  of  expressing  numbers  by  figures,  but  is  in 
fact  assumed  as  the  base  of  our  langtiage  for  numbers.  This  will 
bo  seen  by  observing  at  what  stage  in  counting  upwards  from 
unity  new  words  are  introduced.  For  example,  all  numbers 
between  twenty-one  and  twenty-nine,  both  inclusive,  are  expressed 
by  means  of  words  that  have  already  occurred  in  counting  up 
to  twenty;  then  a  new  word  occurs,  namely  thirty,  and  we  can 
count  on  without  an  additional  new  word  as  far  as  thirty-nine; 
and  so  on. 

439.  The  mnnbev  ten  has  only  two  divisors  different  from 
itself  and  unity,  namely  2  and  5;  the  number  twelve  has  four 
divisors,  namely  2,  3,  4,  and  6.  On  this  account  twelve  would 
have  been  more  convenient  than  ten  as  a  radix.  This  may  be 
illustrated  by  reference  to  the  case  of  a  shilling;  since  a  shilling 
is  equivalent  to  twelve  pence,  the  half,  the  third,  the  fourth,  and 
the  sixth  of  a  shilling,  each  contains  an  exact  number  of  pence ; 
if  the  shilling  were  equivalent  to  ten  pence,  the  half  and  fifth  of  a 
shilling  would  be  the  only  submultiples  of  a  shilling  containing  an 
exact  number  of  pence.  Similarly,  the  mode  of  nieasuring  lengths 
by  feet  and  inches  may  be  noticed. 

440.  We  may  observe  that  if  two  be  adopted  as  the  ludix  of 
a  scale,  the  operations  of  Arithmetic  are  in  some  respects  much 
simplified.  In  this  scale  the  oxAj  figures  which  occur  are  0  and  1, 
so  that  each  separate  step  of  a  series  of  arithmetical  operations 
would  be  an  addition  of  1,  or  a  subtraction  of  I,  or  a  multiplica- 
tion by  1,  or  a  division  by  1.  The  simplieity  of  each  operation  is 
however  counterbalanced  by  the  disadvantage  arising  from  the 
increased  number  of  such  operations. 
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We  give  in  the  following  two  articles  two  problems  connected 
with  the  present  subject. 

441.  Determine  which  of  the  series  of  weights  1  lb.,  2  lbs., 

2*  lbs.,  2*  lbs.,  2*  lbs., must  be  used  to  balance  a  given  weight 

of  iVlbs.,  not  more  than  one  weight  of  each  kind  being  used. 

It  is  obvious  that  tliis  question  is  the  same  as  the  following ; 
express  the  number  N  in  the  scale  of  which  the  radix  is  2. 
Hence  it  follows  from  Art.  429  that  the  problem  can  always 
be  solved. 

442.  Suppose  it  required  to  deteimine  which  of  the  weights 
1  lb.,  3 lbs.,  3* lbs.,  3' lbs.,...  must  be  selected  to  weigh  iVlbs.,  not 
more  than  one  of  each  kind  being  used,  but  in  either  scale  that 
may  be  necessaiy. 

Divide  iV^  by  3,  then  the  remainder  must  be  zero,  or  one,  or 
two.  Let  N^  denote  the  quotient ;  then  in  the  first  case  we  have 
iV=3iV^j,  in  the  second  case  iV=3iVj  +  l,  and  in  the  third  case 
N=  3^j  +  2,  In  the  first  or  second  case  divide  -^j  by  3;  in  the 
third  case  we  may  write  i\r=  3  (iVj+ 1)— 1,  then  we  should 
divide  iV^  + 1  by  3.  Proceed  thus,  and  we  stall  finally  have  a 
result  of  the  following  form, 

where  each  of  the  quantities  q^,  g^, q^  is  either  zero,  or  +  1, 

or  — 1.     Thus  the  problem  is  solved. 

443.  In  a  scale  of  notation  of  which  the  radix  is  r,  the  sum  of 
the  digits  of  any  whole  number  divided  by  v—\  will  leave  Uie  same 
remainder  as  the  whole  nv/mber  divided  by  v  —  l. 

Let  N  denote  the  whole  number,  p^,  p^t .jp,  the  digits  be- 
ginning with  that  in  the  unit's  place ;  then 

'^=Po+Pir+ +p.r* 

=Po'^Pi-^P2-^' +Pn 
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therefore         -^  =  P-'^P'+P'* "-P^ 

r-1  r-1 

r"-l 
But =-  is  an  integer  whatever  positive  integer  n  may  be ; 


thu£( 


r 


— =-  =  some  integer  +  ^-= — ^ ^ 

—  1  r  "1 


This  establishes  the  proposition. 

444  In  a  scale  of  flotation  in  which  the  radix  is  r  let  any 
whole  ntmber  he  divided  by  r  +  1 ;  and  let  the  difference  between 
the  sum  oj  the  digits  in  the  odd  places  and  the  »u/m,  of  the  digits  in 
the  even  places  he  divided  5^  r  +  1 ;  then  either  the  remainders  wUl 
he  equal  or  their  sum  will  hev-^l. 

With  the  same  notation  as  in  the  preceding  proposition  we 
have 

=;>o--Pi+;',--P3+ +  (-i)X 

+  ;>,(r  +  l)+jp^(r'-l)+^3(r»+l)+...+^„{r--.(-l)-}. 

Thus  -^=8ome  integer +^°"^^"-^-"-V"''^"^^"^ 
r  +  \  r+  I. 

First,  suppose  Pq— p, +i>a— ... +(-l)"i>,  to  be  positive,  and 
denote  it  by  2>;  then 

N-  _  D 

=  some  integer  + r  : 

r+1  ^        r+1' 

thus  when  N  and  D  are  divided  by  r  + 1  the  remainders  are  equal. 

Secondly,  suppose  Po-'Pi  +  Pa"  •••  +("-l)Vn  *^  ^®  negative, 
and  denote  it  by  -  2);  then 


r 


jsr  _  D 

— 7  =  some  integer =- , 

+  1  ®        r  +  1' 


that  IS,  — -  + T-  =  some  integer; 

7"+  1        ?"+  1 
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thus  when  iV  and  D  are  divided  by  r  + 1  the  sum  of  the  remain- 
ders must  be  r  +  1,  unless  either  remainder  is  zero,  and  then  the 
other  remainder  also  is  zero. 

For  example,  suppose  r  =  10  and  iV=  263419.     Here 

9-1+4-3  +  6-2=13  =  J:>; 
and  N  and  B  when  divided  by  11  each  leave  the  remainder  2. 

Again,  suppose  r=  10  and  iV=  615372.     Here 

2-7  +  3-5  +  1 -6  =  -12  =  -J:>; 

and  N"  and  D  when  divided  by  11  leave  the  remainders  10  and  1 
respectively. 

445.  To  find  what  numbers  are  divisible  hy  3  tmthout  re- 
mainder. 

Let  N  denote  any  number;  let  p^,  Pj, p^  be  the  digits  of 

it  beginning  with  that  in  the  unit's  place;  then 

^=^^o+-PilO+^.lO'+ +;>,10-; 

therefore  J=  J  +  ^Pi  +  J  +  ^^Pi  +  ^  +  ^^^A  +  j  +  &c. 

=  Po^P^\P^^^'  +  3^^  +  33^.+  333^3+  Ac. 

This  is  a  whole  number  when  ^ —  ^    ^ is  a  whole 

6 

number.     Thus  any  number  is  divisible  by  3  when  the  sum  of  its 

digits  is  divisible  by  3.     For  example,  111,  252,  and  7851  are 

divisible  by  3. 

446.  It  appears  from  Art.  443  that  a  number  is  divisible  by 
9  when  the  sum  of  its  digits  is  divisible  by  9 ;  and  that  when  any 
number  is  divided  by  9,  the  remainder  is  the  same  as  if  the  sum 
of  the  digits  of  that  number  were  divided  by  9. 

It  appears  from  Art.  444  that  a  number  is  divisible  by  11 
when  the  difference  between  the  sum  of  the  digits  in  the   odd 
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places  and  the  sum  of  the  digits  in  the  even  places  is  divisible 
by  11. 

447.  From  the  property  of  the  number  9,  mentioned  in  the 
preceding  article,  a  rule  may  be  deduced  which  will  sometimes 
detect  an  error  in  the  multiplication  of  two  numbers. 

Let  9a  +  a;  denote  the  multiplicand,  and  9h  +  y  the  multiplier; 
then  the  product  is  81a6  +  9hx  +  9ay  +  ajy.  If  then  the  sum  of 
the  digits  in  the  multiplicand  be  divided  by  9,  the  remainder  is  x; 
if  the  sum  of  the  digits  in  the  multiplier  be  divided  by  9,  the 
remainder  is  y;  and  if  the  sum  of  the  digits  in  the  product  be 
divided  by  9,  the  remainder  ought  to  be  the  same  as  when  ocy 
is  divided  by  9,  and  will  be  if  there  be  no  mistake  in  the 
operation. 
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1.  Express  in  the  scale  of  seven  the  numbers  which  are 
expressed  in  the  scale  of  ten  by  231  and  452;  multiply  the  num- 
bers  together  in  the  scale  of  seven,  and  reduce  to  the  scale  of  ten. 

2.  Transform  1S57531  from  the  denary  scale  to  the  quinary. 

3.  Transform  40234  from  the  quinary  to  the  duodenary 
scale. 

4.  Transform  545  from  the  senary  scale  to  the  denary. 

5.  Transform  64520,  which  is  in  the  septenary  scale,  to  the 
nndenary  scale. 

6.  Transform  4444  from  the  scale  with  radix  five  to  the 
common  scale. 

7.  Transform  3413  from  a  scale  whose  radix  is  six  to  that 
whose  radix  is  seven. 

8.  Transform  123456  from  the  denary  scale  to  the  septenary. 

9.  Transform  15*75  from  scale  ten  to  scale  eight. 
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10.  Transform  221*248  from  scale  ten  to  scale  ^ve, 

11.  Express  357234  in  the  scale  whose  radix  is  seven. 

12.  Transform  1845*3125   from  the  common  scale  to   one 
whose  radix  is  twelve. 

13.  Transform  444*44  from  the  scale  with  radix  five  to  the 
common  scala 

14.  Express  31462*125  in  the  scale  whose  radix  is  eight. 

15.  Transform  3065*263  from  scale  eight  to  scale  ten. 

16.  Express  in  the  common  scale  and  in  the  scale  of  eight 
the  number  denoted  in  the  scale  of  nine  by  723. 

17.  Transform  15951  from  scale  eleven  to  scale  ten,  and 
333310  from  scale  ten  to  scale  eleven. 

18.  Extract  the  square  root  of  33224  in  the  scale  of  six. 

19.  The  number  123454321  is  referred  to  the  radix  six; 
extract  its  square  root  in  that  scale. 

20.  Extract  the  square  root  of  3445*44  in  the  scale  six,  and 
reduce  the  result  to  scale  three. 

21.  Subtract  20404020  from  103050301  in  the  scale  eight, 
and  extract  the  square  root  of  the  result. 

22.  Extract  the  square  root  of  1 1000000100001  in  the  binary 
scale  of  notation. 

23.  Find   a  fraction  in    the    ternary   scale  equivalent  to 
*1 20 1 20 ,  which  is  in  the  same  scale. 

24.  Find   the    simplest  fraction  which  is   represented    by 
•1515 in  the  scale  whose  radix  is  seven. 

1 

25.  Reduce  =^  to  a  duodecimal. 

26.  In  what  scale  will  the  number  95  be  denoted  by  137? 

27.  In  what  scale  is  2704  written  203041 
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28.  In  what  scale  is  1331  written  1000? 

29.  In  what  scale  does  16000  of  the  denary  become  1003000  ? 

30.  A  number  is  represented  in  the  denary  scale  by  35 '8333 ... , 
and  in  another  scale  by  5  5 '5,  find  the  radix  of  the  latter  scale. 

31.  In  what  scale  of  notation  is  sixteen  hundred  and  sixty- 
four  ten-thousandths  of  unity  represented  by  '0404? 

32.  Shew  that  12345654321  is  divisible  by  12321  in  any 
scale  greater  than  six. 

33.  Shew  that  144  is  a  square  number  whatever  be  the  radix 
of  the  scale;  the  radix  being  supposed  greater  than  four. 

34.  Shew  that  1331  is  a  perfect  cube  in  any  scale  of  notation ; 
the  radix  being  supposed  greater  than  three. 

35.  Of  the  weights  1,   2,  4,  8, 2"  pounds,  find  which 

must  be  selected  to  weigh  1719  pounds. 

36.  Which  of  the  weights  lib.,  3 lbs.,  S'lbs., must  be 

selected  to  weigh  1027  lbs.,  not  more  than  one  of  each  kind  being 
used,  but  in  either  scale  that  is  necessary? 

37.  Which  of  the  same  weights  must  be  used  to  weigh 
716  lbs.? 

38.  Which  of  the  same  weights  must  be  used  to  weigh 
475  lbs.  ? 

39.  Find  by  operation  in  the  scale  with  radix  twelve  what  is 
the  height  of  a  parallelepiped  which  contains  94  cubic  feet  235 
cubic  inches,  and  whose  base  is  24  square  feet  5  square  inches. 

40.  Express  2  feet  10^  inches  linear  measure,  and  5  feet 
79^  inches  square  measui'e,  in  the  duodenary  scale  as  feet  and 
duodecimals  of  a  foot;  and  the  latter  quantity  being  the  area 
of  a  rectangle,  one  of  whose  sides  is  the  former,  find  its  other 
side  by  dividing  in  the  duodenary  scale. 
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41.  If  p^,  p^,  p^, be  the  digits  of  a  number  beginning 

with  the  units,  prove  that  the  number  itself  is  divisible  by  eight 
if  j9q  +  2pj  +  4p^  is  divisible  by  eight 

42.  Prove  that  the  difference  of  two  numbers  consisting  of 
the  same  figures  is  divisible  by  nine. 

43.  Find  the  greatest  and  least  numbers  with  a  given  number 
of  digits  in  any  proposed  scale. 

44.  Prove  that  if  in  any  scale  of  notation  the  sum  of  two 
numbers  is  a  multiple  of  the  radix,  then  (1)  the  digits  in'  which 
the  squares  of  the  numbers  terminate  are  the  same,  and  (2)  the 
sum  of  this  digit  and  of  the  digit  in  which  the  product  of  the 
numbers  terminates  is  equal  to  the  radix. 

45.  A  certain  number  when  represented  in  the  scale  two  has 
each  of  its  last  three  digits  (counting  from  left  to  right)  zero,  and 
the  next  digit  different  from  zero ;  when  represented  in  either  of 
the  scales  three,  five,  the  last  digit  is  zero,  and  the  last  but  one 
different  from  zero;  and  in  every  other  scale  (twelve  scales  ex- 
cepted) the  last  digit  is  different  from  zero.  What  are  these 
twelve  scales,  and  what  is  the  number  ] 
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448.     Quantities  are  said  to  be  in  Arithmetical  Progression 
when  they  increase  or  decrease  by  a  common  difference. 

Thus  the  following  series  are  in  Arithmetical  Progression  : 

1,3,5,7,9, 

40,  36,  32,  28,  24,  

a,  a  +  6,  a  +  26,  a  +  36,  

a,  a-5,  a  — 2b,  a- 36,  

In  the  first  example  the  common  difference  is  2,  in  the 
second  -4,  in  the  third  6,  in  the  fourth  — fc 


« 
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449.  Let  a  denote  the  first  term  of  an  Arithmetical  Progres- 
sion, b  the  common  difference ;  then  the  second  term  is  a  +  5, 
the  third  term  is  a  +  26,  the  fourth  term  is  a  +  36,  and  so  on. 
Thus  the  t^  term  is  a  +  (t^  —  1)  6. 

450.  To  find  the  sum  of  a  given  number  of  quantities  in  Arith- 
metical Progression,  the  first  term  and  the  common  difference  being 
supposed  known. 

Let  a  denote  the  first  term,  b  the  common  difference,  n  the 
number  of  terms,  I  the  last  term,  s  the  sum  of  the  terms. 
Then 

«  =  «+(«  + 6)  + (a +  26)+ +?. 

And,  by  writing  the  series  in  the  reverse  order,  we  have  also 

8  =  l  +  q,^b)  +  {l-'2b)^ +a. 

Therefore,  by  addition, 

25  =  (?+a)  +  (^  +  a)+ to  n  terms 

=  n  (^  +  a) ; 

therefore  s  =  -^(l-¥a) (1). 

Also  7  =  a  +  (w-l)6 (2), 

thus  «  =  ^{2a  + (71-1)6} (3). 

The  equation  (3)  gives  the  value  of  s  in  terms  of  the  quan- 
tities which  were  supposed  known.  Equation  (1)  also  gives  a  con- 
venient expression  for  s,  and  furnishes  the  following  rule  :  the  sum 
of  am/y  number  of  terms  in  Arithmetical  Progression  is  equal  to 
the  product  of  the  number  of  the  terms  into  half  the  sum  of  the 
first  and  last  terms, 

« 

451.  In  a/n  Arithmetical  Progression  the  sum  of  any  two 
terms  equidistaml  from  the  beginning  and  the  end  is  equal  to  tlie 
sum  of  the  first  and  last  terms. 

The  truth  of  this  has  already  been  seen  in  the  course  of 
the  p  receding  demonstration  3  it  may  be  shewn  formally  thus : 
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Let  a  be  the  first  term,  h  the  common  dif[erence,  I  the  last  term ; 
then  the  r^  term  from  the  beginning  is  a  +  (r— 1)6  and  the  r*^ 
term  from  the  end  is  ^  — (r  — 1)6,  and  the  sum  of  these  terms 
is  therefore  ^  +  a. 

452.  To  insert  a  given  number  of  arithmetical  means  be- 
tween two  given  terms. 

Let  a  and  c  be  the  two  given  terms,  n  the  number  of  terms  to 
be  inserted.  Then  the  meaning  of  the  problem  is,  that  we  are  to 
find  w  +  2  terms  in  Arithmetical  Progression,  a  being  the  first 
term,  and  c  the  last.     Let  b  denote  the  common  difference ;  then 

c  —  a 

c  =  a  +  (n-^\)b\    therefore   b  = =■ .     This  finds  6,  and  the  n 

required  teims  are 

a +  6,         a-\-2b,        a+36,  ...         ...a  +  n5. 

453.  In  Art.  450  we  have  ^ve  quantities  occurring,  namely, 
a,  6,  l,  n,  s,  and  these  are  connected  by  the  equations  (1)  and 
(2),  or  (2)  aDd  (3)  there  established.  The  student  will  find  that 
if  any  three  of  these  five  quantities  are  given,  the  other  two  can 
be  found  j  this  will  furnish  some  usefid  exercises.  We  give  one 
as  an  example. 

454.  Given  the  sit/m  of  a/n  Aritlimetical  Progression,  the  first 
term,  and  the  common  differ &nce;  required  the  number  of  terms. 


n 


Here  «  =  ^  {2a  +  (n  - 1)  b]  ; 

therefore  2«  =  n^b  +  (2a  —  6)  w. 

By  solving  this  quadratic  in  n  we  obtain 

6-2a±V{(2a-6)*+856} 


n  = 


2b 


455.     It  will  be  seen  that  ttoo  values  are  foxmd  tot  n  in  the 
preceding  article ;  in  some  cases  both  values  are  applicable,  as  will 
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appear  from  the  following  example.  Suppose  a  =  11,  h  —  —  2, 
8  =  21  ]  we  obtain  r^  =  3  or  9.     The  arithmetical  progression  is 

11,  9,  7,  5,  3,  1,  -1,  -3,  -5,  &c., 

and  it  is  obvious  that  the  sum  of  the  first  three  terms  is  the  same 
as  the  sum  of  the  first  nine  terms. 

4t5Q.    Again,  suppose  a  =  4,  6  =  2,  «  =  18 ;  we  obtain  w  =  3  or 

—  6.  The  sum  of  three  terms  beginning  with  4  is  4  +  6  +  8  or 
18.     If  we  put  on  terms  before  4  we  obtain  the  series 

-2  +  0  +  2  +  4  +  6+8, 

and  the  sum  of  these  six  terms  is  also  18.  From  this  example  we 
may  conjecture  that  when  there  is  a  negative  integral  value  for 
the  number  of  terms  as  well  as  a  positive  integral  value,  the 
following  statement  will  be  true;  begin  from  the  last  term  of 
the  series  which  is  furnished  by  the  positive  value,  and  count 
backwards  for  as  many  terms  as  the  negative  value  indicates, 
then  the  result  will  be  the  given  sum.  The  truth  of  this  conjeo- 
ture  may  be  shewn  in  the  following  manner. 

The  quadratic  equation  in  n  obtained  in  Axt.  454  is 

25  =  w'6  +  (2a-6)w (1). 

Suppose  a  series  in  which  the  first  term  is  6  —  a,  the  common 
difference  h,  the  number  of  terms  m,  and  the  sum  8 ;  then 

25  =  m*6  +  (26-2a-6)m (2). 

The  roots  of  (1)  and  (2)  are  of  equal  values  but  of  opposite 
signs  (Art.  340);  so  that  if  the  roots  of  (1)  are  denoted  by  n^  and 

—  7^^,  those  of  (2)  will  be  n^  and  —n^.     Hence  n^  terms  of  a  series 

which  begins  with  h  —  a  and  has  the  common  difference  6,  will 

amount  to  the  given  sum  8,     The  last  term  of  the  series  which 

begins  with  a  and  extends  to  n^  terms  is  a  +  (7ij—  1)6;  we  have 

therefore  to  shew  that  if  we  begin   with  this*  term  and  count 

backwards   for  n^  terms,   we  arrive  at  h  —  a.     This  amounts  to 

proving  that 

a  +  (n^  -  1)  6  -  (n,  -  1)  6  =  6  -  a ; 

that  is,  that  a  +  (ti^  —  wj  6  =  6  -  a. 

T.A.  17 
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Now  Wj-nj  = T — ,  (Art.  335); 

therefore  a  +  (n^  —  w  J  6  =  a  —  (2a  -  ft)  =  6  —  a. 

457.  Another  point  may  be  noticed  in  connexion  with  a 
negative  integral  value  of  n. 

Let  —71^  be  a  negative  integral  value  of  n  which  satisfies  the 
equation 

«  =  |{2a+(»-l)6}; 

n 
then  *  =  —  9^  {2a  —  Wjft  —  ft}. 

Therefore  -  «  =  ^  {2  (a  -  ft)  +  (w^  -  1)  (-  ft)}. 

This  sh.ews  that  if  we  count  hackwa/rds  w,  terms  beginning 
with  a  —  ft,  the  sum  so  obtained  will  be  —  8. 

For  example,  taking  the  case  in  Art.  456,  by  beginning  at  2 
and  counting  backwards  for  six  terms  we  obtain 

2  +  0-2-4-6-8, 
that  is,  — 18. 

458.  In  some  cases,  however,  only  one  of  the  values  of  n 
found  in  Art.  454  is  an  integer.  Suppose  a=ll,  ft  =  —  3,  «  =  24; 
we  obtain  ?%  =  3  or  5^.  The  value  5^  suggests  to  us  that  of  the 
two  numbers  5  and  6,  one  will  correspond  to  a  sum  greater  than 
24,  and  the  other  to  a  sum  leas  than  24.  In  fact  the  sum  of  5 
terms  is  %b^  and  the  sum  of  6  terms  is  %% 

We  may  notice  the  following  point  in  connexion  with  a  frac- 
tional value  of  n^ 

Suppose  -  a  fractional  value  of  n  which  satisfies  the  equation 


t 


8 


=  |{2a+(n-l)6}; 
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then  «  =  |{2»+(f-0*} 

_p(^     pb     b) 

=l{f^^^(.-•)^} 

This  shews  that  a  is  equal  to  the  sum  of  p  .terms  of  an  Arith- 

rr         7%  h 

metical  Progression  in  .which  the  ferst  term  is 77-+  7—5  and 

the  common  difference  is  —^  • 

T 

In  the  example  given  above  -  =  5^  =  -^;  so  that  ^  =  16  and 

q  6 

q-Z,     And 

?-A     A-il     i-l-A      A-„l 
y     2^  "^2^"  3  "^2     6"    ''     ^~     3* 

thus  24  is  the  sum  of  16  terms  of  an  Arithmetical  Progression  in 

which  the  first  term  is  4  and  the  common  difference  is  —  ^. 

o 

459.     The  pesults  in  the  following  two  simple  examples  are 
worthy  of  notice. 

To  find  the  sum  of  n  terms  of  ike  series  1,  2,  3,  4,... 
Here  the  n^  term  is  w ;  thus,  by  Art  450, 

Tofimd  the  sum  of  n  terrns  o/the  series  1,  3,  5,  7,..» 
Here  a  =  1,  6  =  2  j  thus,  by  Art,  450, 

«  =  |{2  +  2(n-l)}=|x2n  =  w«. 

17— fi 
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We  add  two  similar  questions  wliicli  lead  to  important  results, 
although  not  very  closely  connected  with  the  present  subject. 

460.     To  find  the  s^im  of  the  squa/res  of  the  first  n  iMtMiral 
nuTobers. 

Let  8  denote  the  required  sum  ;  then 

«  =  r+2«+3«+ +n", 

and  we  shall  prove  that 

_w(n  +  l)(2n  +  l) 
*"  6  • 

We  have 

n»-(n- l)'=3n'-3»  +  l, 

(n-l)'-(n-2)«=3(n-l)'-3(n-l)  +  l, 

(n-2)«-(7i-3)*=3(7*-2)«-3(n-2)  +  l, 


3»-2»=3.3'-3.3  +  l, 
2*-l»=3.2'-3.2  +  l, 
P-0«  =  3.1'-3.1  +  l. 

Hence,  by  addition, 

n"=3{l«  +  2'+ +w'}-3{l  +  2+ +n}  +  n, 

thatis,  n«=3.-5^%tL)+n. 

Therefore    5.  =  n'  +  ^!^^)-«  =  ?i^^L±lK2!L±i), 

^  2 

and  a  =  n{n+\){2n  +  \) 


•"  "3 
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461.     To  find  the  sum  of-  the  cubes  of  the  first  n  natural 
numhers. 

Let  8  denote  the  required  sum ;  then 

«  =  r  +  2V3"+ +n», 

and  we  shall  prove  that 

'n^+l)V 


(n(p±l)y 


8 

"We  have 

«*-(w- 1)*=  4»»~  6n«  -I-  4n- 1, 
(n-l)*-(n-2)*  =  4(7i-l)»-6(n-iy  +  4(w-l)-l, 
(n-2/-(w-3)*  =  4(w-2)'-6(w-2)»  +  4(ri-2)-l, 


3*-2*=4.3»-6.3«  +  4.3-l, 
2*-l*=4.2»-6.2«  +  4.2-l, 
r-0*  =  4.P-6.1«  +  4.1-l. 

Hence,  by  addition, 

n"=4{r  +  2«-+. +w»}-6{r  +  2»  + +n'} 

+  4{l  +  2  + +  n}-n; 

that  is,  »*  =  4«-w(n+  l)(2w+ 1)  + 2w  (7i+l)-w. 

Therefore  4«  =  w*  +  2n*  +  w*. 


and  « 


^  r7^(r.  +  i)y^ 


Hence,  by  Art.  459,  we  have  the  following  result :  the  sum  of 
the  cubes  of  the  first  n  natural  numbers  is  equal  to  the  square  of 
the  sum  of  the  numbers. 
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1.  Sum  to  20  terms  2,  6,  10,  14, ... 

2.  Sum  to  32  terms  4  T"*    9>  X'"* 

1        3 

3.  Sum  to  24  terms  ^,  —  j,  —2,... 

13    11 

4.  Sum  to  20  terms  5,  -^,  -o">"« 

4 

5.  Sum  to  10  terms  1^,  1^,  k'"* 

6.  Sum  to  12  terms  1,  If,  2^,... 

1     2 

8.  Sum  to  50  terms  g,  ^,  1,... 

o     o 

9.  Sum  to  30  terms  116,  108,  100,... 

10.  Sum  to  n  terms  9,  11,  13,  15, ... 

11.  Sum  to  7»  terms  1,  •^,  o,... 

o    o 

12.  Find  an  A.  p.  sucli  that  tlie  sum  of  the  first  five  terms 
is  one-fourth  the  sum  of  the  following  five  terms,  the  first  term 
heing  unity. 

13.  The  first  term  of  a  series  being  2,  and  the  fifth  term 
being  7,  find  how  many  terms  must  be  taken  that  the  sum  may 
be  63. 

14.  Given  o  =  16,  5  =  4,  «  =  88,  findn. 

15.  If  the  sum  of  m  terms  of  an  A.  p.  be  always  to  the  sum 
of  n  terms  in  the  ratio  of  m*  to  n%  and  the  first  term  be  unity, 
find  the  vf^  term. 
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16.  The  sum  of  a  certain  number  of  terms  of  the  series 

21  +  19  + 17  + is  120  j  find  the  last  term  and  the  number  of 

terms. 

17.  What  is  the  common  difference  when  the  first  term  is  1, 
the  last  50,  and  the  sum  204  ? 

18.  If  the  m^  term  of  an  A.  p.  be  n  and  the  n^  term  m,  of 
how  many  terms  will  the  sum  be  ^  (w  +  w)  (m  +  w  —  1),  and  what 
will  be  the  last  of  them  ? 

19.  If  2»  -I- 1  terms  of  the  series  1,  3,  5,  7,  9, be  taken, 

then  the  sum  of  the  alternate  terms  1,  5,  9, will  be  to  the 

sum  of  the  remaining  terms  3^  7,  11, as  7i+  1  to  n, 

20.  Find  the  sum  of  the  first  n  numbers  of  the  form  4r  + 1. 

21.  ,  How  many  terms  of  1  +  3  +  5  +  7  + amount  to 

1234321 ? 

22.  How  many  terms  of  16  +  24  +  32  +  40  + amount 

to  18401 

23.  On  the  ground  are  placed  n  stones;  the  distance  be- 
tween the  first  and  second  is  one  yard,  between  the  second  and 
third  three  yards,  between  the  third  and  fourth  "^ve  yards,  and 
so  on.  How  far  will  a  person  have  to  travel  who  shall  bring 
them,  one  by  one,  to  a  basket  placed  at  the  first  stone  ? 

24.  The  14th,  134th,  and  last  terms  of  an  a.  p.  are  66, 
666,  and  6666  respectively ;  find  the  first  term  and  the  number 
of  terms. 

25.  Find  a  series  of  arithmetical  means  between  1  and  21, 
sufh  that  their  sum  has  to  the  sum  of  the  two  greatest  of  them 
the  ratio  of  1 1  to  4. 

26.  The  sum  of  the  terms  of  an  A.  p.  is  28^,  the  first  term 
is  — 12,  the  common  difference  is  |.  Find  the  last  term  and  the 
number  of  terms. 

27.  Find  how  many  terms  of  the  series  3,  4,  5, must  be 

talcen  to  make  25. 
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28.  Find  how  manj  terms  of  the  series  5y  4,  3^ most  be 

taken  to  make  14. 

29.  Shew  that  a  certain  number  of  terms  of  an  A.  p.  may 
be  found  of  which  the  algebraical  sum  is  equal  to  zero,  provided 
twice  the  first  term  be  divisible  by  the  common  difiTerence,  and 
the  series  ascending  or  descending  according  as  the  first  term  is 
negative  or  positive 

30.  The  sum  of  m  terms  of  an  a.  p.  is  n,  and  the  sum  of 
n  terms  with  the  same  first  term  and  the  same  common  difference 
is  m.     Shew  that  the  sum  of  m  +  n  terms  is  —  (m  +  w)  and  the 


sum  of  m  —  w  terms  is  (m  —  w)  f  1  + 


31.  If  «  =  72,  a  =  24,  6=-4,  find  n. 

32.  If  8=pn-\-qn^  whatever  be  the  value  of  n,  find  the 
m^  tenn. 

33.  If  S^  represent  the  sum  of  n  of  the  natural  numbers 
beginning  with  a,  prove  that  ^S^^^^.j  =  SS^, 

34.  Prove  that  the  squares  of  aj*  — 2a?— 1,  a*  +  l,  and 
a'  +  2ic  — 1  are  in  a.  p. 

35.  The  common  difference  of  an  A  P.  is  equal  to  the  difl^er- 
ence  of  the  squares  of  the  first  and  last  terms  divided  by  twice  th^ 
sum  of  all  the  terms  diminished  by  the  first  and  last  term. 

36.  Insert  6  arithmetical  means  between  1  and  29. 

37.  Find  the  number  of  arithmetical  means  between  1  and  19 
when  the  second  mean  is  to  the  last  as  1  to  6. 

38.  How  many  terms  of  the  natural  numbers  commencing 
with  4  give  a  sum  of  5350  ? 

39.  In  a  series  consisting  of  an  odd  number  of  terms,  the  sum 
of  the  odd  terms  (the  firsts  third,  &c.)  is  44,  and  the  sum  of  the 
even  terms  (the  second,  fourth,  <kc.)  is  33.  Find  the  middle  term 
and  the  number  of  terms. 
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1  11 

40.  If  a",  5",  c',  be  in  a.p.,  then  =^ ,    ,    =-   are 

6  +  c     c  +  a     a  +  0 

in  A.  p. 

41.  Sum  to  n  terms  the  series  whose  r^  term  is  2r  —  1. 

42.  Sum  1  -  3  +  5  -  7  + to  w  terms. 

43.  Sum  1-2  +  3-4+ to  n  terms. 

44.  Given  the  p^  term  P,  and  the  q^  term  Q  of  a  series 
in  A  p.,  express  the  sum  of  n  terms  in  terms  of  F,  Q,  p,  g,  n. 

45.  The  p^,  ^y  and  r^  terms  of  an  A.  p.  are  as,  y,  «,  re- 
spectively; prove  that  if  a?,  y,  z  be  positive  integers,  there  is  an 
A.  P.  whose  a^y  y*^,  «***  terms  are  jo,  q,  r,  respectively;  and  that  the 
product  of  the  common  differences  of  the  progressions  is  unity. 

46.  The  interior  angles  of  a  rectilinear  figure  are  in  A  P. ; 
the  least  angle  is  120°  and  the  common  difference  d°.  Required 
the  number  of  sides. 

47.  Find  the  sum  to  n  terms  of  1.  2  +  2.3  +  3.4  +  4.5  +  ... 

48.  If  the  second  term  of  an  A  p.  be  a  mean  proportional 
between  the  first  and  the  fourth,  shew  that  the  sixth  term  will 
be  a  mean  proportional  between  the  fourth  and  the  ninth. 

49.  If  4»  {n)  be  the  sum  of  n  terms  of  an  a  p.,  find  ^  («)  in 
terms  of  n  and  the  first  two  terms. 

Also  shew  that  ^  (w  +  3)  -  3<^  (w  +  2)  +  3  (^  (»  +  1 )  -  0  (n)  =  0. 

50.  Sum  to  n  terms  the  series  whose  m^  term  =  5  —  -jr- . 

51.  Divide  unity  into  four  parts  in  A.  p.  of  which  the  sum  of 
the  cubes  shall  be  y^r. 

62,  A  servant  agrees  for  certain  wages  the  first  month,  on 
the  understanding  that  they  are  to  be  raised  a  shilling  every 
subsequent  month  until  they  reach  £3  a  month.  At  the  end  of 
the  first  of  the  months  for  which  he  receives  <£3,  he  finds  that  his 
wages  during  his  time  of  service  have  averaged  12  shillings  a 
week«     How  long  has  he  served  % 
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53.  A  qnantity  of  com  is  to  be  divided  among  n  persons, 
and  is  caloulated  to  last  a  certain  time  if  each  of  them  receive 
a  peck  every  week ;  during  the  distribution  it  is  found  that  one 
pei-son  dies  every  week,  and  then  the  com  lasts  twice  as  long  as 
was  expected;  find  the  qiiantity  of  com  and  the  time  it  lasts. 

54.  A  number  of  persons  were  engaged  to  do  a  piece  of  work, 
which  would  have  occupied  them  m  hours  if  they  had  commenced 
at  the  same  time;  but  instead  of  doing  so  they  commenced  at 
equal  intervals,  and  then  continued  to  work  till  the  whole  was 
finished :  the  payment  being  proportional  to  the  work  done  by 
each,  the  first  comer  received  r  times  as  much  as  the  last.  Find 
the  time  occupied. 

55.  Two  persons  A  and  B  play  at  hazard ;  A  wins  from  B  a 
certain  number  of  guineas,  consisting  of  3  places  whose  digits  are 
in  arithmetical  progression,  in  such  a  manner,  that  if  the  number 
of  guineas  be  divided  by  the  sum  of  the  digits  the  quotient  will 
be  48,  and  if  from  the  said  number  of  guineas  198  be  taken,  the 
digits  will  be  inverted.     Find  the  number  of  guineas. 

56.  Prove  that  the  sum  of  any  2w+ 1  consecutive  integers  is 
divisible  by  27i  +  1. 


XXXI.    GEOMETRICAL  PROGRESSION, 

462.  Quantities  are  said  to  be  in  Geometrical  Progression 
when  each  is  equal  to  the  product  of  the  preceding  and  some 
constant  factor.  The  constant  factor  is  called  the  common  ratio 
of  the  series,  or  more  shortly,  the  rcUio.  Thus  the  following  series 
are  in  Geometrical  Progression  : 

1,    2,     4,     8,     16, 

1      1      1    1    A- 
'     3'    9'  27'  81' 

a,   ar,  or*,  or*,  ar\ 

In  the  first  example  the  common  ratio  is  2,  in  the  second  |,  in 
the  third  r. 
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463.  Let  a  denote  the  first  term  of  a  Geometrical  Progression, 
r  the  common  ratio,  then  the  second  term  is  or,  the  third  term 
is  or*,  the  fourth  term  is  a/,  and  so  on.  Thus  the  »***  term 
iaar^"\ 

464.  To  find  the  8wm  of  a  given  number  of  quantities  in 
Qeometrical  Progression^  the  Jvrst  term  and  the  comm>on  ratio  being 
supposed  known. 

Let  a  denote  the  first  term,  r  the  common  ratio,  n  the  number 
of  terms,  s  the  sum  of  the  terms.     Then 

8  =  a-¥ar-\'<M^-{-an^+ +0*^"*; 

therefore        sr=       or  +  cu*  +  ai^  ■{• ■^a^'^-^ar''. 

Hence,  bj  subtraction, 

therefore  s=  — — =— ^ (1). 

If  I  denote  the  last  term,  we  have 

.Z  =  ar»-^  (2), 

■ 

hence  «  = i- (3). 

Equation  (1)  gives  the  value  of  s  in  terms  of  the  quantities 
which  are  supposed  known.  Equation  (3)  is  sometimes  a  con- 
venient form. 

465.  We  may  write  the  value  of  s  thus, 

1  — r 

Now  suppose  r  less  than  unity;  then  the  larger  n  is  the 
smaller  will  1'*  be,  and  by  taking  n  large  enough  r^  can  be  made 
as  small  as  we  please.  If  thep  n  be  taken  so  large  that  r^  may 
be  neglected  in  comparison  with  unity,  the  value  of  s  reduces  to 

"We  may  enunciate  the  result  thus;   by  taking  n  la/rge 


a 


l^r 


\ 


268  OEOMETRICAL  PKOGRESSIOK. 

wxyagh,  the  sum  of  n  terms  of  pte  Geom^rical  Frogreaaion  can  he 

made  to  differ  as  little  as  toe  please  from  -z .    This  statement  is 

1  —r 

sometimes  abbreviated  into  the  following;  the  sum  of  an,infinite 

number  of  terms  oj  the.  Geometridal  Progression  is  --^ — ;  but  it 

must  be  remembered  that  it  is  to  be  considered  as  nothing  more 
than  an  abbreviation  of  the  preceding  statement. 

The  preceding  remarks  suppose  that  r  is  less  than  unity.  In 
future,  both  in  the  text  and  in  the  examples,  when  we  speak  of 
an  infinite  Geometrical  Progression  we  shall  always  suppose  that  r 
is  less  than  unity. 

A66.  We  may  apply  the  preceding  remarks  to  an  example. 
Consider  the  series  1,  J,.^,  J, ;  here  a=l,  r  =  J;  thus  the 

sum  of  n  terms  is  ^| — j  ( -^ ""  os)>  *^*^  is,  2-  ^^.     Now  by 

taking  n  large  enough,  2""*  can  be  made  as  large  as  we  please,  and 

therefore  -^j^tti  as  small  as  we  please.     Hence  we  may  say  that 

by  taking  n  large  enough,  the  sum  of  n  terms  o/  the  series  can  be 
made  to  differ  from  2  by  as  smaU  a  quantity  as  we  please,  Tliis  is 
abbreviated  into  the  following;  the  sum,  of  cm  infin/Ue  number  of 
terms  of  this  series  is  2, 

467.  Keciuiing  decimals  are  cases  of  what  are  called  infinite 
Geometrical   Progressions.      Thus,   for  example,    '2343434 

denotes  —  +  —  +  j^^  +  _  + Here  the  terms  after  — 

constitute  a  Geometrical  Progression,  of  which  the  first  term  is 

m,  and  the  common  ratio  is  r^.     Hence  we  may  say  that  the 

sum  of  an  infinite  number  of  terms  of  this  series  is  =-^  "^  ]  ^  ""  Ta«  [  f 

that  is,  Q^.  Therefore  the  value  of  the  decimal  is  ^r^  +  h"-a. 
We  will  now  investigate  a  general  rule  for  such  examples. 
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468.  Tojmd  the  value  of  a  recu/rrmg  decimcU. 

Let  P  denote  the  figures  whicli  do  not  rectir,  and  suppose 
them  p  in  number;  let  Q  denote  the  figures  which  do  recur, 
and  suppose  them  q  in  number.  Let  8  denote  the  value  of  the 
recurring  decimal;  then 

s^'FQQQ , 

W8  =  F'QQQ , 

W'8  =  FQ'QQQ ; 

by  subtraction,         (lO'^'  - 10")  8  =  PQ-P. 

Now  10'+»-10'=(10'-l)10';  and  10'- 1  when  expressed 
by  figures  in  the  usual  way  will  consist  of  q  ninee.  Hence  we 
deduce  the  usual  rule  for  finding  the  value  of  a  recurring  decimal ; 
subtract  the  integral  number  consisting  of  the  non-recurring  figures 
from  the  integral  number  consisting  of  the  non-recuning  and 
recurring  figures,  and  divide  by  a  number  consisting  of  as  many 
nines  as  there  are  recurring  figures  followed  by  as  many  cyphers 
as  there  are  non-recurring  figures. ' 

469.  To  insert  a  given  nwmher  of  Geometrical  meane  between 
two  given  terms. 

Let  a  and  c  be  the  two  given  terms,  n  the  number  of  terms  to 
be  inserted.  Then  the  meaning  of  the  problem  is  that  we  are  to 
find  n  +  2  terms  in  Geometrical  Progression,  a  being  the  first  term 
and  c  the  last.     Let  r  denote  the  common  ratio;  then  cssor""*"*; 

thus  r=  ( - W^     This  finds  r,  and  the  required  terms  are  cur,  a/r^, 

; ar^. 


470.  In  Art  464  we  have  £.ye  quantities  occurring,  namely, 
a,  r,  I,  n^  8;  and  these  are  connected  by  the  equations  (1)  and  (2), 
or  (2)  and  (3),  there  given.  We  might  therefore  propose  to  find 
any  two  of  these  ^ve  quantities  when  the  other  three  are  given; 
it  will  however  be  seen  that  some  of  the  cases  of  this  problem 
are  too  difficult  to  be  solved.     The  following  four  cases  present  no 
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difficulty;  (1)  given  a,r,n;  (2)  giyen  a,  w,  I;  (3)  giyen  r,  n,  I; 
(4)  given  r,  n^  8, 

471.  Suppose,  however,  that  a,  8,  n  are  given,  and  therefore 
r  and  I  are  to  be  found.  Then  r  would  have  to  be  found  from 
the  equation 

*(r-l)=a(r^-l); 

we  may  divide  both  sides  by  r— 1,  and  then  we  shall  have  an 
equation  of  the  (n  -  1)*^  degree  in  the  unknown  quantity  r,  which 
therefore  cannot  be  solved  by  any  method  yet  given,  if  r^  be 
greater  than  3.  Similar  remarks  will  hold  in  the  case  where  l^  s,  n 
are  given,  and  therefore  a  and  r  are  to  be  found. 

472.  Four  cases  of  the  problem  remain,  namely,  those  four  in 
which  n  is  one  of  the  quantities  to  be  found.  Suppose  ct,  r,  I 
given,  and  therefore  8  and  n  are  to  be  found.  Here  n  would  have 
to  be  found  from  the  equation  I  =  cm^'^,  where  the  unknown  quan- 
tity n  occurs  as  an  exponent;  nothing  has  been  said  hitherto  as  to 
the  solution  of  such  an  equation. 

473.  To  find  the  sum  of  n  terms  of  the  following  series; 

a,    {a  +  b}r,    {a  +  26}r»,    {a  +  36}/, 

Let  8  denote  the  sum;  then 
8  =  a-h{a  +  b}r  +  {a-h2b}r^ +....,.  + {a +  (n-l)b]r'^\ 

rs=  ar  +  {a+   ft}r*+ +  {a  +  (n  -  2)  6}  r^'* 

+  {a  +  (n-l)6}r^. 
By  subtraction 

«(l-r)  =  a  +  5r  +  6r'+ +  6i''*-{a  +  (n-l)ft}r^ 

therefore  8  = ■ — =^ ^— ^—  +  — \ rr-^  • 

1-r  (l"v 
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EXAMPLES  OP  GEOMETRICAL  PROGRESSION. 

1.  Sum  to  six  terms  1«  +  2|  +  4J+ 

2.  Sum  to  ten  terms  2-2'  +  2*-2*+ 

3.  Sum  to  w  terms  3  +  2  +  ^+ 

3 

4.  Sum  to  n  terms  «  +  k  +  q  + 

tj       .^a       o 

5.  Sum  to  infinity  «  + 1 +-7  + ...... 

o  4 

6.  Sum  to  infinity  5  —  -^+^ j. 

^        2     20      200     

7.  Sum  to  infinity  l-|  +  i-i+ 

8.  Sum  to  infinity  -^  +  9+07+ 

9.  Sum  to  infinity  ~--+^- 

10.  Sum  to  infinity  3  +  2  +  ^+ 

o 

11.  Sum  to  infinity  4  +  -=-  +  ««+ 

0      2o 

12.  Sum  to  infinity  -+-+-+_  + 

I0      4      o      lb 

13.  Sum  to  iBfinity  J  - 1  +  jL  - 

14.  Sum  to  infinity  1  +  -  +  t^  + 

4     16 

15.  Sum  to  infinity  ---  +  -«_  + 
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16.  Sum  to  infinity  ^ — =-  +  2-^/9  "'"  2  "*■  " 

17.  Sum  to  infinity  ^  +  =^  +  -si  +  pi  + 

•^   O      0       o       o 


18.  Sum  to  n  terms  r  +  2r'+3r*  +  4r*  + 

ft 

,^      «       X       X  -     2      3       4 

19.  Sum  to  n  terms  l+^  +  ^  +  '5^+.. 


,367 

20.     Sum  to  n  terms  1  +  «  +  t  +  o  + 

Z       4:       o 


3     5     7 

21.  Sum  to  »  termsl  — ^  +  J  -  ^  + 

22.  Find  the  sum  of  any  number  of  terms  in  a  p.  whose  first 
and  third  terms  are  given. 

23.  If  the  common  ratio  of  a  g.p.  is  —  3,  what  is  the  common 
ratio  of  the  series  obtained  by  taking  every  fourth  term  of  the 
original  series ) 

24.  The  sum  of  £700  was  divided  among  4  persons,  whose 
shares  we^e  in  g.  p.  ;  and  the  difiference  between  the  greatest  and 
least  was  to  the  difference  between  the  means  as  37  to  12.  What 
were  their  respective  shares  ? 

25.  Sum  to  n  terms  the  series  whose  w*  term  is  (— l)'"a*". 

26.  If  P  be  the  sum  of  the  series 

1  +r^  +  r*  +  r*+ ad  inf., 

and  Q  be  the  sum  of  the  series 

1  +  r'  +  r'^  +  r'^-^- ad  inf., 

prove  that  i^  (<?  -  1)'  =  ^  (P  -  1)». 

27.  Shew  that  ^(-444 )=  -666 

28.  A  person  who  saved  every  year  half  as  much  again  as  he 
saved  the  previous  year  had  in  seven  years  saved  £102.  I9s.  How 
much  did  he  save  the  first  year? 


J 
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29.  In  a  G.  p.  shew  tbat  the  product  of  any  two  terms  equi- 
distaiit  from  a  given  term  is  always  the  same. 

30.  In  a  G.p.  shew  that  if  each  term  be  sabtracted  from  the 
sacceeding,  the  successive  differences  are  also  in  o.  p. 

31.  The  square  of  the  arithmetical  mean  of  two  quantities  is 
equal  to  the  arithmetical  mean  of  the  arithmetical  and  geometrical 
means  of  the  squares  of  the  same  two  quantities. 

32.  In  a  g.  p.  continued  to  infinity,  shew  that  each  term 
bears  a  constant  ratio  to  the  sum  of  all  that  follow  it  And  iind 
a  series  in  which  each  term  is  p  times  the  sum  of  all  the  terms 
that  follow  it 

33.  K  8^  represent  the  sum  of  n  terms  of  a  given  G.  p.,  find 
the  sum  of  5.  +  ^,  +  *^.+ +S. 

ISO  n 

34.  If  71  geometrical  means  be  found  between  two  quantities 

n 

a  and  c,  their  product  will  be  {acf. 

35.  Let  8  denote  the  sum  of  n  terms  of  the  series  a,  ar, 
cf/x^y  ...;  let  s'  denote  the  sum  of  n  terms  of  the  series  a,  ar"*, 
or"',  ...;  and  let  I  denote  the  last  term  of  the  first  series;  then 
will  as  =  Z« . 

36.  If  a,  6,  c,  cZ  be  in  G.  p., 

(a*  +  6"  +  c')(6"  +  c»  +  c^»)  =  (a6  +  6c  +  ccZ)». 

37.  If  a,  6,  c,  £?  be  in  6.  P., 

38.  The  sum  of  the  first  three  terms  of  a  g.p.  =  21,  and  the 
sum  of  the  first  four  terms  =  45 ;  find  the  series. 

39.  ,  Sum  tow  terms  1"  + 3"  + 5"  + 7*+ 

40.  Sum  to  w  terms  5  +  55  +  555  + 

41.  Prove  that  the  two  quantities  between  which  A  is  the 
arithmetical  and  6^  the  geometrical  mean,  are  given  by  the  formula 

A^J{{A  +  G){A-Cf)}, 
T.A.  18 
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42.  There  are  four  numbers,  the  first  three  of  which  are  in 
O.R,  and  the  last  three  in  a.  p.  ;  the  sum  of  the  first  and  last  is  14, 
and  the  sum  of  the  second  and  third  is  12;  find  the  numbers. 

43.  Three  numbers  whose  sum  is  15  are  in  a  P.;  if  1,  4, 
and  19  be  added  to  them  respectivelj  thej  are  in  G.P.  Determine 
the  numbers. 

44.  If  a,  6,  cbe  in  a.  p.  shew  that 

2 

^  (a  +  6  +  c)'  =  a'  (6  +  c)  +  6'  (c  +  a)  +  c'  (a  +  6)  ; 

if  they  be  in  g.  p.  shew  that 

45.  Find  the  sum  of  the  infinite  series 

a  +  <w  +  (flH-a6)r'+(a  +  a6  +  a6')r*+  ... 
r  and  hr  being  each  less  than  uiiity. 
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474.  Three  quantities  A^  B,  C,  are  said  to  be  in  H!armonical 
Progression  when  A  :  G  ::  A  —  £  :  B -  C, 

Any  number  of  quantities  are  said  to  be  in  Harmonical 
Progression  when  every  three  consecutive  quantities  are  in  Har- 
monical Progression, 

475.  The  reciprocals  of  quantUiea  in  Harmoniodl  Progre$8Um 
Ofre  in  Ariihmetical  Progression, 

Let  -4,  B^  C  be  in  Harmonical  Progression;  then 

A  iG  y.A'-BiB^G, 

therefore  ^  (i?  -  (7)  ==  C  (i  -  B). 
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Divide  by  ABC,  thus 

C     B~ B^ A' 
This  proves  the  proposition, 

476.  There  is  no  formula  for  the  sum  of  any  number  of 
quantities  in  Harmonical  Prosression :  the  property  established  in 
L  preceding  article  wiU  hoover  enable  us  Tsive  some  ques- 
tions  relating  to  Harmonical  Progression. 

477.  To  inaeH  a  given  mtrnber  o/ ha/rmonical  mea/oB  between 
two  given  terms. 

Let  a  and  c  be  the  two  given  terms^  n  the  number  of  terms  to 
be  inserted.  Then  the  meaning  of  the  problem  is  that  we  are  to 
find  n+2  terms  in  Harmonical  Progression,  a  being  the  first  term 
and  c  the  last.     Hence  the  problem  is  reducible  to  the  following; 

to  insert  n  cmthmetical  means  between  -  and  ~.     Let  5  denote 

a  c 

the  common  difference;  then 

-  =  -  +  (t^  +  1)  5, 
c      a     ^         ' 

therefore  b  — 


(»  +  1)  oo  * 
The  Arithmetical  Progression  is 

a^   a      ^   a       '  a  c 

that  is, 

1     c(w+l)  +  a-c     c(n+ l)  +  2(a-c) 


a'        ac(n+l)      '  ac(?i+l)        '  

c{n+\)-^n{a-c)      1 
ac  (» +  1)         '    c 

Therefore  the  Harmonical  Progression  is 

ac{n+\)                  ac{n-\-\) 
c(w  +  l)  +  a-c*    c(w+l)  +  2(a-c)' 

ac  (n  + 1) 


c. 


18—2 
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478.  Let  a  and  c  be  any  two  quantities;  let  A  be  their 
arithmetical  mean,  G  their  geometrical  mean,  H  their  harmonical 
mean.     Then 

^-a  =  c  —  -4;  therefore  4  =  ^  (a  +  c). 
a  :  ^  ::  ^  :  c;  therefore  G^J(ac)i 

a  :  c  :i  a  —  H  :  H  —  c\  therefore  11= . 

It  follows  that  G^  =  AH',  therefore  A  :  G  ::  G  :  ff.  Thus  G 
lies  in  magnitude  between  A  and  i7;  and  A  is  greater  ihsuHg  for 

that  is,  ii  —  ^  is  a  positive  quantity. 

479.  We  may  observe  that  the  three  quantities  a,  5,  c,  are  in 

Arithmetical,  Geometrical,  or  Harmonical  Progression^  according 

a  —  b     a  a  a  ..    i 

as  T =  - ,  or  =  T ,  or  =  -  ,  respectively, 

r 

For  in  the  first  case  -. =  1,  therefore  b=i(a-^c). 

In  the  second  case  6  (a  —  &)  =  a  (6  —  c) ;  therefore  b^=ac, 

m 

The  third  case  is  obvious  by  definition. 


EXAMPLES   OF  HARMONICAL  PBOGBESSION. 


1.  Continue  the  series  3  +  ^  +  -r  for  two  terms. 

o     4 

1 

2.  Insert  18  harmonical  means  between  1  and  ;jjr. 

3.  Find  the  n^  term  of  an  H.  P.,  of  which  a,  6,  are  respectively 
the  first  and*second  terms. 

4.  Find  the  (p  +  q)^  term  of  an  H.P.,  of  which  F  is  the  //** 
term,  and  Q  the  g^  term. 


EXAMPLES.        CHAPTER  XXXII,  277 

5.  From  each  of  three  given  quantities,  what  quantity  must 
be  subtracted  that  the  three  results  may  be  in  h.  p.  ? 

6.  The  first  of  a  series  of  n  quantities  in  H.  p.  is  unity,  and 
the  sum  of  the  products  of  every  (ii  —  1)  terms  is  to  the  product  of 
all  the  terms  as  %fi  is  to  1 ;  find  the  progression. 

7.  Shew  that  V  is  greater  than,  equal  to,  or  less  than  ac, 
according  as  a,  ft,  c,  are  in  a.  p.,  g.p.,  or  h.p. 

8.  The  arithmetical  mean  of  two  numbers  is  3,  and  the  har- 
monical  mean  is  \ ;  find  the  numbers. 

9.  The  geometrical  mean  of  two  numbers  is  also  the  geome- 
trical mean  between  the  arithmetical  mean  of  the  two  numbers 
and  their  harmonical  mean.  The  arithmetical  mean  wxnus  the 
harmonical  mean  is  equal  to  the  square  of  the  difference  of  the 
two  numbers  divided  by  twice  their  sum. 

10.  If  «  is  the  harmonical  mean  between  a  and  6, 

\  1         11 

+  7=-  +T-. 


z—a      z—h     a     h 

11.  There  are  three  numbers  in  h.p.,  such  that  the  greatest 
is  the  product  of  the  other  two,  and  if  one  be  added  to  each  the 
greatest  becomes  the  sum  of  the  other  two.     Find  the  numbers. 

12.  The  sum  of  two  contiguous  terms  in  h.  p.  is  -—  ,  and 

.     1  . 

their  product  is  -^ .     Find  the  series. 

13.  If  between  two  numbers  there  be  inserted  two  arith- 
metical means  A^  and  A^^  and  two  harmonical  means  ZT^,  H^ ; 
and  between  A^  and  A^  there  be  inserted  an  harmonical  mean,  and 
between  i7,  and  H^  an  arithmetical  mean;  then  the  geometrical 
mean  between  these  is  equal  to  the  geometrical  mean  between  the 
original  quantities. 

14.  The  arithmetical  mean  of  two  quantities  x  and  ^  is  ^  ; 
the  geometrical  mean  is  G)  the  harmonical  mean  is  H^  If 
A  —  O^a  and  A  —  Zr=  6,  find  ic  and  y. 
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15.  lfa,b,che  in  a.p.  ;  a,  ^,  y  in  h.p.;  €ULf  bfi,  eymQ.T.; 

then  will 

a      y      a      c 

y      a      c      a 

16.  If  a^  b,  c  are  in  h.  p.,  shew  that 

1  1  4        11 

•hn + 


a^b     b—c     c-a     c      a' 

17.  If  Of  bf  c  are  in  H.P.,  shew  that 

a  b  c 

6  +  c'   c  +  a'   a  +  b 
are  also  in  h.  p. 

18.  If  n  arithmetical  and  the  same  number  of  harmonical 
means  be  inserted  between  two  quantities  a  and  5,  and  a  series  of 
n  terms  be  found  by  dividing  each  arithmetical  by  the  correspond- 
ing liarmonical  mean,  the  sum  of  the  series 


f-      w  +  2  (a-bY) 
{       n+1     6cU)   ) 


19.  Any  whole  number  of  the  form  3a'  — b',  where  a  is 
greater  than  6,  may  be  divided  into  three  others  in  h.p.,  of  which 
the  sum  of  the  squares  shall  be  3a*  +  b*. 


XXXIII.     MATHEMATICAL  INDUCTIOK 

480.  "We  shall  in  the  subsequent  parts  of  this  book  have 
occasion  to  use  a  method  of  proof  which  is  called  mathematical 
induction  or  demonstrative  induction,  and  we  shall  now  exemplify 
the  method. 

481.  Suppose  the  following  assertion  made :    the  sum  of  n 

terms  of  the  series  1,  3,  5,  7, is  n'.     This  assertion  we  can 

see  to  be  true  in  some  cases ;  for  example,  the  sum  of  two  tenns  is 
1  +  3  or  4,  that  is,  2';  the  sum  of  three  terms  is  1  +  3  +  5  or  9, 
that  is,  3' ;  we  wish  however  to  prove  the  theorem  universally. 
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Suppose  the  theorem  were  known,  to  be  true  for  a  certain 
value  of  n ;  that  is,  suppose  for  this  value  of  n  that 

1+3  +  5  + +(2n-l)=7i'; 

add  2/1  +  1  to  both  sides ;  then 

1  +  3  +  5  + +  (2/i-l)+(2w  +  l)  =  ri*  +  2w  +  l=(w  +  l)». 

Thus,  if  the  sum  of  n  terms  of  the  series  =n%  the  sum  of 
n  +  1  terms  will  =  (w  + 1)*.  In  other  words,  if  the  theorem  is 
true  when  we  take  a  certain  number  of  terms,  whatever  that 
number  may  be,  it  is  true  when  we  increase  that  number  by  one. 
But  we  see  by  trial  that  the  theorem  is  true  when  3  terms  are 
taken,  it  is  therefore  true  when  4  terms  are  taken,  it  is  therefore 
true  when  5  terms  are  taken,  and  so  on.  Hence  the  theorem 
must  be  universally  true. 

482.  We  will  now  take  another  example  j  we  propose  to 
establish  the  truth  of  the  following  formula : 


l«  +  2"+3'+..v^..+»«  = 


w(w  +  l)(2n+l) 


6 

We  can  easily  ascertain  by  trial  that  this  formula  holds  in 
simple  cases,  for  example,  when  »*  =  1,  or  2,  or  3  ;  we  wish,  how- 
ever, to  establish  it  universally. 

Suppose  the  theorem  were  known  to  be  true  for  a  certain 
value  of  n;  add  (n+  1)*  to  both  sides;   then 

l'+2'+3»+ +/.«  +  (/.+  l)'  =  ^(^^y''^>  +  (n+l)'. 

^  .  w(»+l)(2n  +  l)     ,       -.,     ,       -.rw(2»  +  l)  -) 

But  — ^ ^^ ^  +(n-hiy  =  {n  +  l)<     ^     — ^+n+l> 

=  — ^(n  +  2)(2TO  +  3)  a  — ^ '^ i,  wh^e  7»  =  »  +  l. 

Thus  we  obtain  the  same  formula  for  the  sum  of  n  + 1  terms 
of  the  series  1',  2',  3^ as  was  supposed  to  hold  for  n  terms. 
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In  other  words,  if  the  formula  holds  when  we  take  a  certain 
number  of  terms,  whatever  that  number  may  be,  it  holds  when  we 
increase  that  number  by  one.  But  the  formula  ches  hold  when 
3  terms  are  taken,  therefore  it  holds  when  4  terms  are  taken, 
therefore  it  holds  when  5  terms  are  taken,  and  so  on.  Hence  the 
formula  must  hold  universally. 

483.  The  two  theorems  which  we  have  proved  by  the  method 
of  induction  may  be  established  otherwise.  The  first  theorem  is 
an  example  of  an  Arithmetical  Progression,  and  the  second  has 
been  investigated  in  Art.  460.  There  are  many  other  theorems 
which  are  capable  of  easy  proof  by  the  method  of  induction ;  for 
example,  that  in  Art.  461. 

The  theorems  asserted  in  Art.  69,  respecting  the  divisibility  of 
«"  ±  a"  by  aj  =1=  a  may  be  proved  by  induction.     For 

=  «"  *+— ^ -. 

x  —  a  x^  a 

hence  as" -  a"  is  divisible  hj  x—a  when  a^"'  —  a""*  is  so ;  now  we 
see  that  05  —  a  is  divisible  by  as  —  a,  therefore  a?  —  a*  is  divisible 
by  a?  —  a,  therefore  again  a?  —  a*  is  divisible  by  a?  —  a,  and  so  on ; 
hence  aj"  —  a"  is  always  divisible  by  a?  —  a  when  w  is  a  positive  in- 
teger. Similarly  the  other  cases  may  be  established.  As  another 
example  the  student  may  oonfiider  the  theorems  in  Art.  225. 

484.  The  method  of  mathematical  indv^ion  may  be  thus 
described.  We  prove  that  if  a  theorem  is  true  in  one  case,  what- 
ever that  case  may  be,  it  is  true  in  another  case  which  we  may 
call  the  next  case ;  we  prove  by  trial  that  the  theorem  is  true  in  a 
certain  case;  hence  it  is  true  in  the  next  case,  and  hence  in  the 
next  to  that,  and  so  on ;  hence  it  must  be  true  in  every  case  after 
that  with  which  we  began. 

485.  It  is  possible  that  this  method  of  proof  may  be  less 
satisfactory  to  the  student  than  a  more  direct  proceeding ;  it  may 
appear  to  him  that  he  is  rather  compelled  to  believe  propositions 
so  proved  than  shewn  why  they  hold.     But  as  in  some  cases  this 
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is  tbe  only  method  of  proof  which  can  be  used,  the  student  must 
accustom  himself  to  it,  and  should  not  pass  over  it  when  it  occurs 
until  he  is  satisfied  of  its  validity. 

486.  We  may  remark  that  the  student  of  natural  philosophy 
will  find  the  word  mduction  used  in  a  different  sense  in  that  sub- 
ject ;  the  word  is  there  applied  to  the  assumption  or  conjecture 
that  some  law  holds  generally  which  is  found  to  be  true  in  certain 
cases  that  have  been  examined.  There,  however,  we  cannot  be 
sure  that  the  law  holds  for  any  cases  except  those  which  we  have 
examined,  and  can  never  arrive  at  the  conclusion  that  it  is  a 
necessc^  truth.  In  fact,  induction,  as  used  in  natural  philosophy, 
is  never  absolutely  demonstrative,  often  far  from  it;  whereas  the 
method  of  nuUhenuUieal  indttcUon  is  as  rigid  as  any  other  process 
in  mathematics. 
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1.  Transform  221*342  from  the  scale  with  radix  ten  to  the 
scale  with  radix  five. 

2.  If  the  radix  of  a  scale  be  im  +  2  the  square  of  any  num- 
ber whose  last  digit  is  2m  +  1  or  2m  +  2  will  terminate  with  that 
digit. 

3.  A  digit  is  written  down  once,  twice,  thrice,  up  to  n 

times  respectively,  so  as  to  form  n  numbers  consisting  of  one,  two, 

three, n,  places  of  figures  respectively.     If  a  be  the  first  and 

b  the  last  of  the  numbers,  and  r  the  radix  of  the  scale,  the  sum  of 

rb  —  na 


the  numbers  is 


r-1 


4.  If  m,  n  be  any  two  numbers,  g  their  geometric  mean, 
Oj,  h^  the  arithmetic  and  harmonic  means  between  m  and  ^,  and 
a,,  h^  the  arithmetic  and  harmonic  means  between  g  and  n,  prove 
that  a^h^  =  /  =  aji^. 

5.  If  between  b  and  a  there  be  inserted  n  arithmetical  means, 
and  between  a  and  b  there  be  inserted  n  harmonic  means,  the  sum 
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of  the  series  composed  of  the  products  of  the  corresponding  terms 
of  the  two  series  is  (n  -f  2)  ah, 

6.  If  n  harmonic  means  are  inserted  between  the  two  posi- 
tive quantities  a  and  by  shew  that  the  difference  between  the  first 
and  the  last  bears  to  the  difference  between  a  and  h  a  less  ratio 
than  that  of  n — 1  to  n  + 1. 

7.  A  sets  out  from  a  certain  place  and  travels  one  mile  the 
first  day,  two  miles  the  second  day,  three  the  third,  four  the  fourth, 
and  so  on.  B  sets  out  five  days  after  A  and  travels  the  same  road 
at  the  rate  of  12  miles  a  day.  How  far  will  A  travel  before  lie  is 
overtaken  by  -ffl 

8.  From  256  gallons  of  wine  a  certain  number  are  drawn  and 
replaced  with  water;  this  is  done  a  second,  a  third,  and  a  fourth 
time,  and  81  gallons  of  wine  are  then  left  How  much  was  drawn 
out  each  time  ? 

9.  A  and  B  have  made  a  bet,  the  amount  of  the  stakes  being 
j£90,  and  the  sum  staked  by  each  being  inversely  proportional  to 
all  the  money  he  has.  If  A  wins  he  will  then  have  five  times 
what  B  has  left ;  if  J?  wins  he  will  then  have  double  what  A  has 
left.     What  sum  of  money  had  each  ) 

10.  If  (a  +  6  +  c)(a  +  5  +  <^=(c  +  (;+a)(c  +  <:?  +  6)  or  if  a^=cc^ 
prove  that  each  of  these  quantities  is  equal  to 

11.  If  the  roots  of  aac^  +  2hx  +  c  =  0  be  possible  and  different, 
those  of  (a  +  c)  {aa?  +  2hx  +  c)  =  2  (ac  —  6")  (;?^  +  1)  will  be  impossi- 
ble j  and  vice  versd, 

12.  Ifa  +  ft  +  c  =  0,  aj+y  +  «  +  w  =  0,  then  the  two  equations 
J{aa:)-hJ{by)-\-J{cz)  =  0,  J{bx)'-J{at/)^J{cw)z:zO,  are  deducible 
the  one  from  the  other. 
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487.  The  different  orders  in  which  any  things  can  be  ar- 
ranged are  called  iilieir  permtUcUions. 

Thus  the  permutations  of  the  letters  a,  b,  c,  taken  two  at  a 
time  are  a5,  ba,  ac,  ca,  be,  cb, 

488.  The  c(ynMnatiori8  of  things  are  the  different  collections 
that  can  be  formed  out  of  them,  without  regarding  the  order  in 
which  the  things  are  placed. 

Thus  the  (xmibinations  of  the  letters  a,  &,  c^  taken  two  at  a 
time  are  c^,  ac^  bo;  ah  and  ba  though  different  permutcUians 
forming  the  same  cornMnation, 

489.  "We  may  observe  that  a  difference  of  language  occurs  in 
books  on  this  subject;  what  we  have  called  permutations  are  called 
voHcUiana  or  a/rromgementa  by  some  writers,  and  they  restrict  the 
word  permutations  to  the  case  in  which  all  the  things  are  used 
at  once;  thus  they  speak  of  the  variations  or  a/rrangements  of  four 
letters  taken  two  at  a  time,  or  three  at  a  time,  but  of  the  permvtJta- 
tiona  of  them  taken  all  together. 

490.  To  find  the  number  of  permtUations  of  n  things  taJcen  r 
ai  a  tim^ 

Suppose  there  to  be  n  letters  a,  5,  c,  d, ;  we  shall  first 

find  the  number  of  permutations  of  them  taken  tv)o  at  a  time. 
Put  a  before  each  of  the  other  letters ;  we  thus  obtain  n—1 
permutations  in  which  a  stands  first.  Next  put  b  before  each  of 
the  other  letters;  we  thus  obtain  n^\  permutations  in  which 
h  stands  first.  Similarly  there  are  n  —  1  permutations  in  which 
c  stands  first;  and  so  on.  Thus,  on  the  whole,  there  are  7»(n  ~  1) 
permutations  of  n  things  taken  two  at  a  time. 
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We  shall  now  find  the  number  of  permutations  of  the  n  letters 
taken  three  at  a  time. 

It  has  just  been  shewn  that  out  of  n  letters  we  can  form 
n{n—\)  permutations  each  of  two  letters;  hence  oyt  of  the  w  —  1 

letters  6,  c,  c?,  we  can  form  {n  —  l)  {n  —  2)   permutations 

each  of  two  letters;  put  a  before  each  of  these  and  we  have 
(w  — l)(w--2)  permutations  each  of  three  letters  in  which 
a  stands  first.  Similarly  there  are  (n  —  1)  (n  —  2)  permutations 
each  of  three  letters  in  which  6  stands  first.  Similarly  there  are 
as  many  in  which  c  stands  first ;  and  so  on.  On  the  whole  there 
are  n  {n—\)  i^—2)  permutations  of  n  letters  each  of  three 
letters.     • ' 

From  these  cases  it  might  be  conjectured  that  the  number  of 
permutations  of  n  letters  taken  r  at  a  time  is 

w(w-l)(7i-2) (ii-r  +  l), 

and  we  shall  prove  that  this  is  the  case.  For  suppose  it  true  that 
the  number  of  permutations  of  n  letters  taken  r  —  1  at  a  time  is 

n{n-\) {w-(r-l)  +  l}, 

we  shall  shew  that  a  similar  formula  will  give  the  number  of  per- 
mutations of  the  letters  taken  r  at  a  time.  For  out  of  the  n  — 1 
letters  &,  c,  c?, we  can  form 

(w-l)(7^-2) {n-l-(r~l)  +  l} 

permutations  each  of  r— 1  letters;  put  a  before  each  of  these, 
and  we  obtain  as  many  permutations  each  of  r  letters  in  which  a 
stands  first.  Similarly  we  have  as  many  in  which  h  stands  first,  as 
many  in  which  c  stands  first,  and  so  on.     On  the  whole  there  are 

w(?i-l)(7i-2) (n-T+l) 

permutations  of  n  letters  each  of  r  letters.  '• 

If  then  the  formula  holds  when  the  letters  are  taken  r  —  1  at 
a  time,  it  will  hold  when  they  are  taken  r  at  a  time ;  but  it  has 
been  proved  to  hold  when  they  are  taken  three  at  a  time,  therefore 
it  holds  when  they  are  taken  four  at  a  time,  therefore  it  holds 
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when  they  are  taken  five  at  a  time,  and  so  on;  thus  it  holds 
uniyersally. 

491.  Hence  the  number  of  permutations  of  n  things  taken 
all  together  is  n{n—l)  {n  —  2) 1. 

492.  For  the  sake  of  brevity  n(n—l){n  —  2) 1  is  often 

denoted  by  \n;  thus  \n  denotes  the  product  of  the  natural  num- 
bers from  1  to  w  inclusive.  The  symbol  [n  may  be  read,  /ac- 
toricU  n, 

493.  Any  combination  of  r  things  will  produce  |r  permuta- 
tion&  For,  by  Article  491,  the  r  things  which  form  the  given'^ 
combination  can  be  arranged  in  [r  different  ivaya 

494.  To  find  the  number  of  combincUiona  of  n  things  taken 
r  cU  a  time. 

The  number  of  combinations  of  n  things  taken  r  at  a  time  is 
n(n-l){n-2) (n-r+  1) 

E  • 

For  the  number  of  permutations  of  n  things  takei^  r  at  a 

time  is  w(7i-l)(n-2) (w - r  +  1),  by  Art.  490;   and  each 

combination  produces  \r  permutations,  by  Art.  493;  hence  the 
number  of  combinations  must  be 

•  . 

yt(n-l)(n-2) (n-r+l) 

If  we  multiply  both  numerator  and  denominator  of  this  ex- 
pression by  I  ^  —  r  it  becomes       "•" — . 

495.  The  number  of  comMnations  of  n  things  taken  r  at  a 
time  is  the  same  as  the  wumber  of  them  taken  n  —  r  at  a  time. 

The  number  of  combinations  of  n  things  taken  n—r  at  a, 
time  is 

n(n— 1)  (^— 2) {w  — (n  — r)  +  l} 
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n(»-l)(n-2) (r  +  1) 


that  is, 


L!Lr 


Multiply  both  numerator  and  denominator  by  [r  and  we  ob- 

In 
tain  — r= —  >  which,  by  Art.  494,  is  the  number  of  combinations 

of  n  things  taken  r  at  a  time. 

496.  The  proposition  which  we  have  proved  in  the  preceding 
article  will  be  evident  too  if  we  observe  that  for  every  combina- 
tion of  r  things  which  we  take  out  of  n  things,  we  leave  one  com- 
bination of  w  — r  things.  Hence  every  combination  of  r  things 
corresponds  to  a  combination  of  n^-r  things  which  contains  the 
remaining  things.     Such  combinations  are  called  compleTneTUary, 

497.  To  Jmd  for  what  value  of  v  the  nurnber  of  the  conibina' 
tions  ofn  things  taken  r  ait  a  time  is  greatest. 

Let  (n)^  denote,  the  niimber  of  combinations  of  n  things  taken 
r  at  a  time, 

{^)r-i  *^®  number  of  combinations  of  n  things  taken  r  - 1 
at  a  time, 

then  (n)='^''y    {n\_^. 

that  it  decreases  as  r  increases.     By  giving  to  r  in  succession  the 
values  1,  2,  3, the  number  of  combinations  is  continually 

71+1 

increased  so  long  as 1  is  greater  than  unity.    First  sup- 
pose n  even  and  =  27n,  then 1  is  greater  than  1  until 

r  =  7n,  inclusive,  and  when  r  =  77)  + 1  it  is  less  than  1.     Hence  the 
greatest  number  of  combinations  is  obtained  when  the  things  are 

taken  m  at  a  timC;  that  is,  ^  at  a  time. 
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2fn  4-1  +  1 
Next  suppose  n  odd  and  =  2m  + 1,  then 1  is 

T 

eqaal  to  unity  when  9*  =  m  +  l«  Hence  the  greatest  number  of 
combinations  is  obtained  when  they  are  taken  m  at  a  time  or 
m  + 1  at  a  time,  the  result  being  the  same  in  these  two  cases, 

that  is,  when  they  are  taken      ^  ^  at  a  time,  or  — ^ —  at  a 

time. 

498.  To  find  the  number  of  permutationa  o/n  things  taken  all 
together  which  a/re  not  aU  different. 

Let  there  be  n  letters;  and  suppose  p  of  them  to  be  a,  g  of 
them  to  be  b,  r  of  them  to  be  c,  and  the  rest  to  be  unlike;  the 
number  of  permut-ations  of  them  taken  all  together  will  be 


\p\q\r' 

For  suppose  -^  to  represent  the  required  number  of  permu- 
tations. If  in  any  one  of  the  permutations  the  p  letters  a  were 
changed  into  p  new  letters  different  from  any  of  the  rest,  then 
without  altering  the  situation  of  any  of  the  remaining  letters, 
we  could  from  the  single  permutation  produce  \p  different  per- 
mutations ;  and  so  if  the  p  letters  a  were  changed  into  p  different 
letters,  the  whole  number  of  permutations  would  be  iVx  1^.  Simi- 
larly, if  the  q  letters  b  were  also  changed  into  q  new  letters 
different  from  any  of  the  rest,  the  whole  number  of  permutations 
we  could  now  obtain  would  he  JSfx\px\q;  and  if  the  r  letters  c 

were  also  changed,  the  whole  number  wotdd  be  N  x\px\q  x\r. 

But  this  number  must  be  equal  to  the  number  of  permutations  of 
n  dissimilar  things  taken  all  together,  that  is,  to  \n. 

Thus  iVxIpx  [2x|£  =  l2*j 

therefore  iV=  - — ^--j- . 

And  similarly  any  other  case  may  be  treated. 
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4:99.  If  there  be  n  tliiiigs  not  all  different,  and  we  require 
tlic  number  of  permutations  or  of  combinations  of  them  taken  r  at 
a  time,  the  operation  will  be  more  complex:  we  will  exemplify 
the  method  in  the  following  case. 

There  are  n  things  of  which  p  are  alike  and  the  rest  unlike; 
required  the  nvmther  of  ciymbmatUyns  of  them  taJcen  v  at  a  time. 

"We  shall  suppose  r  less  than  w— jp,  and  put  n—p  =  q.  Con- 
sider first  the  number  of  combinations  that  can  be  formed  without 
using  any  of  the  p  like  things ;  this  is  the  number  of  combinations 

\q 

of  q  things  taken  r  at  a  time,  that  is,  -j — — — .     Next  take  one  of 

p*  I  ^  —  y 

the  p  things  and  r—  1  of  the  q  things;  the  number  of  ways  in 
which  combinations  can  thus  be  formed  is  the  same  as  the  num- 
ber of  combinations  of  q  things  taken  r  —  1  at  a  time,  that  is, 

\q 
= — — =-.     Next  take  two  of  the  p  things  and  combine 

\q 
them  with  r  —  2  of  the  q  things;  this  can  be  done  in *~- 


r-2[g~r-4-2 


ways.  Proceed  thus,  and  add  the  number  of  combinations  so 
obtained  together,  which  will  give  the  whole  number  of  combi- 
nations. 

If  however  r  is  not  less  than  q  we  should  consider  fbrst  the 
case  in  which  r  —  q  things  are  taken  from  the  p  like  things,  and 
q  things  are  taken  from  the  q  unlike  things;  this  can  be  done  in 
only  one  way.  Next  take  r  —  q  +  l  things  from  the  p  things,  and 
^  —  1  from  the  q  things;  this  can  be  done  in  q  ways.     And  so  on. 

If  the  number  of  permutations  be  required,  we  have  only  to 
observe  that  each  combination  of  r  things  in  which  s  are  alike  and 

\r 
the  rest  unlike,  will  produce  =  permutations  (Art.  498),-  and 

thus  the  whole  number  of  permutations  may  be  found. 

500.  By  the  following  method  the  formula  for  the  number  of 
combinations  of  n  things  taken  r  at  a  time  may  be  found  without 
assuming  the  formula  for  the  number  of  permutations. 
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Let  {n\  denote  the  number  of  combinations  of  n  things  taken 
r  at  a  time.  Suppose  n  letters  a,  h,  c,  d, ;  among  the  com- 
binations of  these  r  at  a  time,  the  number  of  those  which  contain 
the  letter  a  is  obviously  equal  to  the  number  of  combinations  of 
the  remaining  n—1  letters  r  — 1  at  a  time,  that  is,  to  (w— l)^.  . 
The  number  of  combinations  which  contain  the  letter  b  is  also 
(n  —  l)^_i,  and  so  for  each  of  the  letters.  But  if  we  form,  first  all 
the  combinations  which  contain  a,  then  all  the  combinations 
which  contain  6,  and  so  on,  each  particular  combination  will  ap- 
pear r  times;  for  if  r  =  3,  for  example,  the  combination  a5c  would 
occur  among  those  containing  a,  among  those  containing  6,  and 
among  those  containing  c.     Hence 

(»),  =  ^(n -!),_,. 

In  this  formula  change  n  and  r  first  into  n  —  1  and  r  —  1 
respectively,  then  into  n  —  2  and  r-'2  respectively,  and  so  on ; 
thus 


/             o\      n'-r  +  2,  ,. 

(7i-r  +  2),^ g {n-r  +  l\. 

Multiply,  and  cancel  like  terms,  and  we  obtain 

(n)  -^(^~^) (n-r  +  2){n'-r-hl) 

[r 

for  (»-r  +  l)j  =  7i-r  +  l. 

501.  To  jvnd  the  whole  nurnber  of  permiUations  of  n  things 
when  each  may  occwr  once,  twice,  thrice, up  tor  times. 

Let  there  be  n  letters  a,  6,  c, First  take  them  one  at  a 

time;  this  gives  the  number  n^     Next  take  them  two  at  a   time; 

here  a  may  stand  before  a,  or  before  any  one  of  the  remaining 

letters;  similarly  b  may  stand  before  b,  or  before  any  one   of 

T.  A.  19 
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the  remaining  letters;  and  so  on;  thus  there  are  w*  different  per- 
mutations of  the  letters  taken  two  at  a  time.  Similarly  by  put- 
ting successively  a,  6,  c, before  each  of  the  permutations  of 

the  letters  taken  two  at  a  time,  we  obtain  n^  permutations  of  th& 
letters  taken  three  at  a  time.  Thus  the  whole  number  of  permu- 
tations when  the  letters  are  taken  r  at  a  time  will  be  n"", 

502.     Since  the  number  of  combinations  of  n  things  taken  r  at 
a  time  must  be  some  integer,  the  expression 

71(71—1) (7^  —  r  +  1) 

must  be  an  integer.  Hence  we  see  that  the  product  of  any 
r  successive  integers  must  be  divisible  by  [r.  "We  shall  give  a 
more  direct  proof  of  this  proposition  in  the  chapter  on  the  theory 
of  Tiurnhers.  , 


EXAMPLES   OF   PERMUTATIONS   AND   COMBINATIONS. 

1.  How  many  different  permutations  may  be  made  of  the 
letters  in  the  word  Garaccas  taken  all  together? 

2.  How  many  of  the  letters  in  the  word  Heliopolis  ? 

3.  How  many  of  the  letters  in  the  word  Ecclesiastical  ? 

4.  How  many  of  the  letters  in  the  word  Mississippi  ? 

5.  If  the  number  of  permutations  of  7b  things  taken  4  toge- 
ther is  equal  to  twelve  times  the  number  of  permutations  of 
71  things  taken  2  together;  find  tl 

6.  In  how  many  ways  can  2  sixes,  3  fives,  and  5  twos  be 
thrown  with  10  dice? 

7.  If  there  are  twenty  pears  at  three  a  penny,  ho"w  many 
different  selections  can  be  made  in  buying  six-pennyworth?  In 
Jiow  many  of  these  will  a  particular  pear  occur? 
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8.  From  a  company  of  soldiers  mustering  96,  a  picket  of  10 
is  to  be  selected;  determine  in  how  many  ways  it  can  be  done, 
(1)  so  as  always  to  include  a  particular  man,  (2)  so  as  always 
to  exclude  the  same  man. 

9.  How  many  parties  of  12  men  each  can  be  formed  from 
a  company  of  60  men? 

10.  If  the  number  of  combinations  of  n  things  r  —  /  toge- 
ther be  equal  to  the  number  of  combinations  of  n  things  r  +  r' 
together,  find  n. 

*      11.     In  how  many  ways  can  a  party  of  six  take  their  places 
at  a  round  table? 

12.  In  how  many  different  ways  may  n  persons  form  a  ring? 

13.  How  many  different  numbers  can  be  formed  with  the 
digits  1,  2,  3,  4,  5,  6,  7,  8,  9;  each  of  these  digits  occurring  once 
and  only  once  in  each  number?  How  many  with  the  digits  1,  2,  3, 
4,  5,  6,  7,  8,  9,  0,  on  the  same  supposition? 

14.  Out  of  12  conservatives  and  16  reformers  how  many 
different  committees  could  be  formed  each  consisting  of  4  re- 
formers and  3  conservatives? 

15.  If  there  be  x  things  to  be  given  to  n  persons,  shew  that 
n*  will  represent  the  whole  number  of  different  ways  in  which 
they  may  be  given. 

16.  Suppose  the  number  of  combinations  of  n  things  taken  r 
together  to  be  equal  to  the  number  taken  r  + 1  together,  and 
that  each  of  these  equal  numbers  is  to  the  number  of  com- 
binations of  n  things  taken  r  —  1  together  as  5  is  to  4,  find  the 
value  of  n. 

17.  Given  m  things  of  one  kind,  and  n  things  of  a  second 
kind,  find  the  number  of  permutations  that  can  be  formed  con- 
taining r  of  the  first  and  8  of  the  second. 

18.  How  many  different  rectangular  parallelepipeds  are 
there  satisfying  the  condition  "tiiat  each  edge  of  each  paralleled 

19—2 
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piped  shall  be  equal  to  some  one  of  n  given  lines  all  of  different 
lengths  ? 

19.  The  ratio  of  the  number  of  combinations  of  4w  things 
taken  2n  together,  to  that  of  2n  things  taken  n  together  is 

1.3.5 (4^1-1) 

{1.375 (2^1)V' 

20.  Out  of  17  consonants  and  5  vowels,  how  many  words 
can  be  formed,  each  containing  two  consonants  and  one  vowel  ? 

21.  Out  of  10  consonants  and  4  vowels,  how  many  words  can 
be  formed  each  containing  3  consonants  and  2  vowels  ? 

22.  Find  the  number  of  words  which  can  be  formed  out  of 
7  letters  taken  all  together,  each  word  being  such  that  3  given 
letters  are  never  separated. 

23.  "With  10  flags  representing  the  10  numerals  how  many 
signals  can  be  made,  each  representing  a  number  and  consisting  of 
not  more  than  4  flags) 

24.  How  many  words  of  two  consonants  and  one  vowel  can 
be  formed  from  6  consonants  and  3  vowels,  the  vowel  being  the 
middle  letter  of  each  word  1 

25.  How  many  words  of  6  letters  maybe  formed  with  3  vowels 
and  3  consonants,  the  vowels  always  having  the  even  places? 

26.  A  boat's  crew  consists  of  8  men,  3  of  whom  can  only  row 
on  one  side  and  2  only  on  the  other.  Find  the  number  of  ways 
in  which  the  crew  can  be  arranged. 

27.  A  telegraph  has  m  arms,  and  each  arm  is  capable  of  n 
distinct  positions ;  find  the  total  number  of  signals  which  can  be 
made  with  the  telegraph,  supposing  that  all  the  arms  are  to  be 
used  to  form  a  signal. 

28.  A  pack  of  cards  consists  of  52  cards  marked  differently; 
in  how  many  different  ways  can  the  cards  be  arranged  in  four  sets, 
each  set  containing  13  cards'? 

29.  How  many  triangles  can  be  formed  by  joining  the  angular 
points  of  a  decagon,  that  is,  each  triangle  having  three  of  the 
angular  points  of  the  decagon  for  its  angular  points? 
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30.  There  are  n  points  in  a  plane,  no  three  of  which  are  in 
the  same  straight  line  with  the  exception  of  p,  which  are  all  in 
the  same  straight  line;  find  the  number  of  straight  lines  which 
result  from  joining  them. 

31.  Find  the  number  of  triangles  which  can  be  formed  by 
joining  the  points  in  the  preceding  question. 

32.  There  are  n  points  in  space>  of  which  p  are  in  one  plane, 
and  there  is  no  other  plane  which  contains  more  than  three  of 
them;  how  many  planes  are  there,  each  of  which  contains  three 
of  the  points  ) 

33.  If  n  points  in  a  plane  be  joined  in  all  possible-  ways  by 
indefinite  straight  lines,  and  if  no  two  of  the  straight  lines  be 
coincident  or  parallel,  and  no  three  pass  through  the  same  point 
(with  the  exception  of  the  n  original  points),  then  the  number  of 
points  of  intersection,  exclusive  of  the  n  points,  will  be 

w(w-l)(w-2)(7j-3) 

—————— ————^— —^——^  • 

8 

34.  There  are  fifteen  boat-clubs;  two  of  the  clubs  have  each 
three  boats  on  the  river,  five  others  have  two,  and  the  remaining 
eight  have  one;  find  an  expression  for  the  number  of  ways  in 
which  a  list  can  be  formed  of  the  order  of  the  24  boats,  observing 
that  the  second  boat  of  a  club  cannot  be  above  the  first. 

35.  A  shelf  contains  20  books,  of  which  4  are  single  volumes, 
and  the  others  form  sets  of  8,  5,  and  3  volumes  respectively;  find 
in  how  many  ways  the  books  may  be  arranged  on  the  shelf,  the 
volumes  of  each  set  being  in  their  due  order. 

36.  Find  the  number  of  the  permutations  which  can  be 
formed  with  the  letters  composing  the  word  eocamination  taken 
4  at  a  time. 

37.  There  are  n—l  sets  containing  2a,  3a, na  things 

respectively;  shew  that  the  number  of  combinations  which  can 


294  EXAMPLES.        CHAPTER  XXXIV. 

be  formed  by  taMog  a  out  of  the  first,  2a  out  of  the  second,  and 
80  on  for  each  combination,  is 

[wa 

(Gr' 

38.  Find  the  sum  of  all  the  numbers  which  can  be  formed 
with  all  the  digits  1,  2,  3,  4,  5,  in  the  scale  of  10. 

39.  The  sum  of  all  numbers  that  are  expressed  hj  the  same 
digits  is  divisible  by  the  sum  of  the  digits. 


XXXV.  BINOMIAL  THEOREM.    POSITIVE  INTEGRAL 

EXPONENT. 

503.  "We  have  already  seen  that  {x  +  a)'  =  «'  +  2xa  +  a',  and 
that  (aj  +  a)'  =  aj'+ 3aj*a  +  3aja*  +  a';  the  object  of  the  present 
chapter  is  to  find  an  expression  equal  to  (x  +  a)"  where  n  is  any 
positive  integer. 

604.     By  ordinary  multiplication  we  obtain 

{x  +  a^)  {x  +  a^)=ac^  +  {a^  +a^x  +  a^a^ 
(a;  +  a,)  (05  +  a j)  (a;  +  aj  =  a:*  +  (a,  +  a,  +  aj  sc* 

+  (ai^a  +  a^a^  +  a^ttj)  x  +  a^a^a^ 
(a;  +  o,)(a;  +  aJ(a5  +  a3)(a?  +  aJ  =  a;*  +  (aj  +  a^  +  a3  +  aJa;* 

+  (a^Og  +  a^a^  +  a^a^  +  a^a^  +  a,a^  +  aji^  a? 

Now  in  these  results  we  see  that  the  following  laws  hold. 

I.  The  number  of  terms  on  the  right-hand  side  is  one  more 
than  the  number  of  the  binomial  factors  which  are  multiplied 
together. 

II.  The  exponent  of  x  in  the  first  term  is  the  same  as  the 
number  of  binomial  factors,  and  in  the  succeeding  terms  each 
exponent  is  less  than  that  of  the  preceding  teim  by  unity. 
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III.  The  coefficient  of  the  first  term  is  unity;  the  coefficient 
of  the  second  term  is  the  sum  of  the  second  terms  of  the  binomial 
factors ;  the  coefficient  of  the  third  term  is  the  sum  of  the  pro- 
ducts of  the  second  terms  of  the  binomial  factors  taken  two  at 
a  time;  the  coefficient  of  the  fourth  term  is  the  sum  of  the  pro- 
ducts of  the  second  terms  of  the  binomial  factors  taken  three  at 
a  time;  and  so  on;  the  last  term  is  the  product  of  all  the  second 
terms  of  the  binomial  factors. 

"We  shall  now  prove  that  these  laws  always  hold  whatever 
be  the  number  of  binomial  factors.  Suppose  the  laws  to  hold 
when  w—  1  factors  are  multiplied  together;  that  is,  suppose 

where  jt?,  =  the  sum  of  the  terms  a^,  a^, a^_^, 

p^  =  the  sum  of  the  products  of  these  terms  taken  two  at 

a  time, 
p^  =  the  sum  of  the  products  of  these  terms  taken  three 

at  a  time, 


p^_j  =  the  product  of  all  these  terms. 

Multiply  both  sides  of  this  identity  by  another  factor  a?  +  a„ ; 
thus 

+  (Pa  +P  a)  ^"'^  + +  Pn^.K- 

Now  », +a  =a, +  «,+ +a    ,+a. 

=  the  sum  of  all  the  terms  a^y  a^ a^\ 

i>,+Pi^«;r^  P. +  <*«(«!  +  »«  + +««-i) 

=  the  sum  of  the  products  taken  two  at  a  time  of 
all  the  terms  a^,  a^, a,; 

=  the  sum  of  the  products  taken  three  at  a  time 
of  all  the  terms  a^,  a,, a^. 


p^^yCb^  =  the  product  of  all  the  terms. 
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Hence  if  the  laws  hold  when  n—l  factors  are  multiplied 
together,  they  hold  when  n  factors  are  multiplied  together;  but 
they  have  been  proved  to  hold  when  4  factors  are  multiplied 
together,  therefore  they  hold  when  5  factors  are  multiplied  toge- 
ther, and  so  on ;  thus  they  hold  universally. 

We  shall  write  the  result  for  the  multiplication  of  n  factors 
thus  for  abbreviation, 

The  number  of  terms  in  q^  is  obviously  n;  the  number  of 
terms  in  q^  is  the  same  as  the  number  of  combinations  of  the 

n  things  a^,  a^ o„,  taken  two  at  a  time,  that  is,  -4= — ^; 

and  so  on.     Now  suppose  a^,  a^,  a^  each  =a;  thus  q^  be- 

comes  na,  and  q  becomes  — ^j — 5—^  a ,  and  so  on ;  and  we  obtain 

.1     nin—l)   -  ._,    nln—l)(n-'2)   , 
(a  +  a)»  =  aj"  +  naar-^  +  -j-y-  » «      +    ^    j    ^^^ i aV"*  + 

w(n  — 1)   _  «  , 


,    rt     w     ^   .  7ia~  'aj  +  a. 


This  formula  is  called  the  Binomial  Theorem;  the  series  on 
the  right-hand  side  is  called  the  expansion  of  (oj  +  a)",  and  when 
we  put  this  series  in  the  place  of  (as  +  a)"  we  are  said  to  expand 
{x  +  a)\     The  theorem  was  discovered  by  Newton. 

505.     For  example,  take  {x  +  a)';  here  n  =  5, 

n(7t-l)_g.4     ,^    n{n-l){n^2)     5.4.3     _. 
1.2     "1.2"^^'  17273         ""ITITS^^"^^' 

n(n-l)(n-2)(n-3)  _^ 5.4.3.2 

1.2.3.4  "1.2.3.4""^ 

thus         (x  +  af  =  a;*  +  5a;*a  +  10aj"o"  +  lOaV  +  5xa*  +  a\ 

Again,  suppose  we  require  the  expansion  of  (c*  +  y«)';  we 
have  only  to  write  c*  for  x  and  y«  for  a  in  the  preceding  identity; 
thus 
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(c« + yzy = (cy + 5  {cy  y« + lo  {cy  {yzy + lo  {cy  {yzy 

+  5c'  {yzY  +  {yzY 
>       =  c'"  +  5cV  +  10cy«'  +  lOcVV  +  5cVV  +  2^V. 
Similarlj, 
(c'  +  2y^*  =  (c*)*  +  5  (cy  2/  + 10  {cy  (2y*)«  + 10  (c7  {^y'f 

+  5c»(2y»)*  +  (2^)' 
=  c*°  +  lOcy  +  40cy  +  80cy  +  SOcy  +  Z2,y'\ 

506.  In  the  expansion  of  (x-^a)*  suppose  x=\\  thus 

(l+a)''  =  l  +  ?ia+    ^    ^  ^a'+     ^  ,    ^^^ ^a'+ +a"j 

since  this  is  true  whatever  a  may  be,  we  may  write  a;  for  a]  thus 
/I       \«     1  nin-\)   ,    w(7i-l)(n-2)   .  , 

507.  The  coefficient  of  the  second  term  in  the  expansion  of 

/       -IN 

(1  +  a?)"  is  w,  the  coefficient   of  the  third  term  — \   t>      j   ai^d 

generally  the  coefficient  of  the  (r  +  1)*  term,  being  the  number  of 

combinations  of  n  things   taken  r  at  a  time  is,  by  Art.  494, 

,  ^    nin-Viln-^) (n-r  +  l)     ,  i..  i  •       1.^1, 

equal  to  -— ^— • ^— —. ^ -',  by  multiplying  both 

numerator  and  denominator  by  In  —  r  this  becomes 


i« 


\r\n—r 

r08.     The  coefficient  of  the  r"*  term  from  the  beginning  is  equal 
to  the  coefficient  of  the  x^  term  from  the  ena. 

The  coefficient  of  the  r*^  term  from  the  beginning  is 

7»(7i-l)(7i-2) (n-r  +  2) 

Ir-l 

which  becomes  by  multiplying  both  numerator  and  denominator 
by  |n— r+l 

i5 


r  —  lln  — r+  V 
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The  r*^  term  from  the  end  is  the  (/i  —  r  +  2)*  from  the  begin- 
ning, and  its  coefficient  is 


n^n-l) {yt-(y^-r  +  2)  +  2}        n{n~l) r 

and  this  also 

r  —  1  Iw  — r+  1 


509,  It  appears  from  the  preceding  article  that  the  coeffici- 

ent  of  the  r^  term  may  be  written  thus,  ; ^-H r*     If  ^^"^ 

[r-1  [yt-r+  1 

apply  this  to  the  last  term  for  which  r  =  tn-l,  this  expression 

[n 
takes  the  form      ^    .    The  symbol  [0  has  had  no  meaning  hitherto 

assigned  to  it;  if  we  agree  to  consider  it  equivalent  to  1,  then 
the  general  expression  will  hold  true  for  the  last  term. 

510.  To   find   the  greatest  coefficient  in   the  expansion  of 
{l+x)\ 

This  has  been  investigated  in  the  chapter  on  Permutations  and 
Combinations  (Art.  497);  it  is  there  shewn  that  when  n  is  even, 

the  greatest  coefficient  is  found  by  putting -^  for  r  in  the  expression 
— — ;  when  n  is  odd  the  greatest  coefficient  is  found  by  put- 


W  —  1  ?l  4"  1 

ting  — J5 —  or  — ^r—  for  r  in  the  expression^  the  result  being  the 
same  in  the  two  cases. 

511.     Tofimd  the  greatest  term  in  the  expa/nsion  of  {x-¥  a)\ 
The  r^  term  of  the  expansion  is 

w(ri-l) ......  (^-»M^^-r+i^r-,. 


r-1 


the  {r  + 1)**"  term  may  be  obtained   by  multiplying  the  r"*  by 
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.-,   that  is,   by  ( ^)~'      -^^^  multiplier  dimi- 
nishes as  r  increases,  and 

only  so  long  as 

??^  - 1  is  greater  thMi  5, 

that  is,  only  so  long  as 

is  ffreater  than  -  +  1, 

r         ^  a 

that  is,  only  so  long  as 

r  is  less  than  — — . 

a 

If  — -^  be  an  integer,  then,  denoting  this  integer  by  p,  the 

-+  1 
a 

p*^  term  of  the  expansion  is  eqttal  to  the   (p  + 1)***  term,  and 

7i  4-  1 

these  terms   are  greater  than  any  other  term;    bnt  if  — — 

-+1 
a 

be  not  an  integer,  then  the  greatest  term  is  the  (q  +  1)*^,  where  q  is 

the  integral  part  of  — . 

-  +  1 
a 

512.  In  the  theorem  for  expanding  (05  + a)",  as  a  may  have 
any  value,  ye  may  suppose  it  negative  if  we  please ;  thus  put  -  c 
for  a  and  we  have 

(a;-c)"  =  af-wca;-^+  ""^f  "I^^cV"'- 

1  •  J 


+  n  (-  c)""^  05  +  (-  c)". 
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We  may  observe  that  the  expansion  of  a  binomial  can  always 
be  reduced  to  the  case  in  which  one  of  the  two  quantities  is 
unity.     For 

(a;  +  a)-  =  ar  (l +2y=ar(l +y)",  if  y=|. 

We  may  then  expand  (1  +y)*  and  multiply  each  term  by  of,  and 
thus  obtain  the  expansion  of  (x  +  a)". 

513.  To  find  tlie  aum  of  the  coefficierUs  of  the  terms  in  the 
expansion  o/  {i+  a;)". 

The  theorem 

{l+xY  =  l-^nx+^\''~   ^x^+ +  naj""*  +  aj* 

is  true  for  all  values  of  x;  put  05=  1;  thus 

c%n     1  n(n-l)  - 

2*=l  +  y>+      \  ^+ +71  +  1. 

That  is,  the  sum  of  the  coefficients  =  2*. 

51i.  The  sum  of  the  coefficients  of  the  odd  terms  in  the  ea^an- 
sion  of  (1  +  xf  is  equcd  to  the  sum  of  the  coefficients  of  the  even 
terms. 

Put  a;  =  - 1  in  the  expansion  of  (1  +  x)*;  thus 

Q_l^^  .  ^(^-^)     n(n^l)(n'-2) 

1.2  1.2.3 

=  sum  of  the  odd  coefficients  —  sum  of  the  even  coefficients. 


Since  then  the  sums  are  equal,  by  the  preceding  article  each 

2" 
must  ==  -ft- ;  that  is,  2""*. 

515.  The  result  in  Art  513  gives  a  theorem  relating  to 
Combinations.  For  supposed  there  are  n  things;  then  we  can 
take  them  singly  in  n  ways,  we  can  take  them  two  at  a  time 

ill  — 1 — —JL  ways,    we    can    take    them    three  at  a    time  in 
1.2 
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I — ^-^ ■  ways,  and  so  on.     Hence  by  Art  513  the  total 

number  of  ways  of  taking*  ti  things  is  2"  —  1.  This  theorem  was 
obtained  by  the  early  writers  on  Algebra  before  the  Binomial 
Theorem  was  known;  the  proof  is  a  simple  example  of  mathe- 
matical induction  which  is  deserving  of  notice.  We  have  to 
shew  that  if  unity  be  added  to  the  total  number  of  ways  of 
taking  n  things,  the  result  is  2".  Suppose  we  have  four  lettei-s 
a,  bf  c,  d;  form  all  the  possible  selections  and  prefix  unity  to 
theuL     Thus  we  have 

1, 

a,  b,  Cy  d, 

ab,  aCf  ady  be,  bdy  cd, 

ahc,  abdf  acd,  body 

abed. 

Here  the  total  number  of  symbols  is  16,  that  is,  2*.  Now 
take  an  additional  letter  e;  the  corresponding  set  of  symbols  will 
consist  of  those  already  given,  and  those  which  can  be  formed 
from  them  by  affixing  e  to  each  of  theuL  The  number  will  there- 
fore be  doubled ;  that  is,  it  will  be  2*.  The  mode  of  reasoning  is 
general,  and  shews  that  if  the  theorem  is  true  for  n  things,  it  is 
true  for  w  + 1  things. 


EXAMPLES  OF  THE  BINOMIAL  THEOSEM. 

1.  Write  down  the  3**  term  of  (a  +  by\ 

2.  Write  down  the  i9*^  term  of  (a  -  «)". 

3.  Write  down  the  5*»^  term  of  (a"  -  by. 

4.  Write  down  the  2001"*  term  of  (aw  +  xio) 

5.  Write  down  all  the  terms  of  (5  -  ix)*. 

6.  Write  down  the  5^  term  of  (3a;*-  4y4)'. 

7.  Write  down  the  6*^  term  of  (2ai  -  6*)*". 
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8.  Write  down  all  the  terms  of  fs  -  ^ j  . 

9.  Write  down  the  middle  term  pf  {a  +  aj)*^ 

10.  Write  down  the  two  middle  terms  of  {a  +  aj)'. 

1 1 .  Expand  {a  +  ^(a*  -!)}•  +  {»-  ^(a*  - 1)}**  in  powers  of  a. 

12.  Write  down  the  coefficient  of  y  in  the  expansion  of 


( 


^^0- 


13.  If  ii  be  the  sum  of  the  odd  terms  and  B  the  sum  of  the 
even  terms  in  the  expansion  of  {x  +  a)",  prove  that 

14.  Prove  that  the  difference  between  the  coefficients  of 
a;*""^*  and  aj'  in  the  expansion  of  (1  +aj)"*^  is  equal  to  the  differ- 
ence between  the  coefficients  of  aj'"'*'*  and  a;'"*  in  the  expansion  of 
(1  +  x)\ 

15.  Shew  that  the  middle  term  in  the  expansion  of  (1  +  a;)** 

^  1.3.5... (2/^-1)  2,^. 

16.  Find  the  binomial  expansion  of  which  four  consecutive 
terms  are  2916,  4860,  4320,  2160. 

17.  Prove  that  the  coefficient  of  cf  in  the  expansion  of 
(a;  +  i)   may  be  represented  by  ,  ^(^_^^^(^^^)- 

18.  Write  down  the  coefficient  of  aj**""^*  in  the  expansion  of 


( 


'-i 


19.  Find  the  7^  term  from  the  beginning,  the  r*  term  from 
the  end,  and  the  middle  term  of  (a;  — )      ,  • 

20.  If  ^Q,  ^,,  t^^t^ represent  the  terms  of  the  expansion 

of  {a  +  a:)*,  shew  that 
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XXXVI.     BINOMIAL   THEOREM.      ANY  EXPONENT. 
516.     We  have  seen  that  when  nia  a,  positive  integer 


We  now  proceed  to  shew  that  this  relation  holds  when  n  has 
any  value  positive  or  negative,  integral  or  fractional,  that  is,  we 
shall  prove  the  Binomial  Theorem  for  cmy  exponent.  We  shall 
make  some  observations  on  the  proof  after  giving  it  in  the  usual 
form. 

517.     Suppose  m  and  n  are  positive  integers;  then  we  have 

/^        X-     -  m(m  — 1)    «    m(m  — l)(m  — 2)    » 

(l  +  a;)"  =  l+7/ia?  +  — Y-y-aj"  +  — ^^ ry^ -^aj'+ (1), 

(1-f  a;)"  =  l4-yia;+     ^^    ^   ^x'-h-^ ^ ^- of  + (2). 

But  (1  +  xy  X  (1  +  xy  =  (1  +  a)--'*; 

hence  the  product  of  the  series  which  form  the  right-hand  mem- 
bers of  (1)  and  (2)  must  =  (1  +  »)"•"*"";  that  is. 


1 


,  V        (m  +  n)(m  +  n—l)    9 

+  {m  +  n)x  + ' -Y—^ -'  or 

1 .  J 


{m  +  n)(m  +  n-'l)(m  +  n-'2)    g 
+  [3  —'''■ 


x{l^n«;+"^;-^>«:'4-"^"-g<"-^>a^^. } (3). 

Equation  (3)  has  been  proved  on  the  supposition  that  m  and  n 
are  positive  integers;  but  the  product  of  the  two  series  which  occur 
on  the  right-hand  side  of  (3)  must  be  of  the  same  form  whatever 
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m  and  n  may  be;  we  therefore  infer  that  (3)  must  be  true  what- 
ever m  and  n  may  be.  We  shall  now  use  a  notation  that  will 
enable  us  to  express  (3)  briefly.     Let/(w)  denote  the  series 

l+wia;+ — \—^  Ts "         

whatever  m  may  be;  then  /{n)  will  denote  what  the  series 
becomes  when  n  is  put  for  m ;  and  /(m  +  n)  will  denote  what  the 
series  becomes  when  m  + »  is  put  for  m.  And  when  m  is  any 
positive  integer  /{m)  =  (1  +  a)* ;  also  /(O)  =  1.  Thus  (3)  may  be 
written 

/(m  +  n)=/(^)x/(n) (4). 

Similarly,       /{m  -hn  +  p)  =/{m  +  n)  x/(  p) 

=/(m)  x/{n)  x/{p). 

Proceeding  in  this  way  we  may  shew  that 
/{m+n-\'P  +  q-^......)=/{m)x/{n)x/{p)x/(q)x (5). 

g 
Now  let  m  =  n^p  =  q= =  -,  where  a  and  r  are  positive 

integers,  and  suppose  the  number  of  terms  to  be  r;  then  (5) 
becomes  * 

therefore  {/(«)}'=/(;)  • 

But  since  «  is  a  positive  integer /(«)  =  (1  +«)*,  and  therefore 

therefore  {l+xf  =f("^  =  l  +  ^x  +  ljL—Liii^  + 

This  proves  the  Binomial  Theorem  when  the  exponent  is  any 
positive  qiumtity. 
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Again,  in  (4)  put  -  n  for  m;  thus 

/(-«)x/(,^)=/(0)=l; 

therefore  -ry-r  =/(—  w). 

But  if  w  be  any  positive  quantity, /(7i)  =  (l  +  a?)";  hence 

^    that  is,       (1  +«)-'=  1  +  (-w)a!  +  ^~*^\^""~^^ «;'+ 

This  proves  the  Binomial  Theorem  when  the  exponent  is  any 
negative  quantity. 

518.  The  proof  of  the  Binomial  Theorem  for  any  exponent 
contained  in  the  })receding  Article  was  first  given  by  Euler; 
although  difficult  and  not  altogether  satisfactory,  it  is  a  valuable 
exercise  for  the  student.  "We  shall  now  offer  some  remarks 
upon  it. 

The  first  point  we  have  to  notice  is  the  mode  of  proving  that 
/(^m+n)  =/{7n)  ^/{n).  The  student  should  for  an  exercise  write 
down  three  or  four  terms  of  the  series  for  /(m\  and  also  of  the 
series  for/(ii),  and  multiply  them  together;  if  the  product  be 
an*anged  according  to  powers  of  x,  it  will  be  found  that  so  far  as  it 
has  been  completely  formed,  it  will  agree  with  the  series  for 
/{m  +  n).  But  from  knowing  what/(w)  and/(7i)  represent  when 
m  and  n  are  positive  integers,  we  infer  without  the  trouble  of 
actual  multiplication,  that  the  law  expressed  by 

/{m  +  n)  =/(m)  ^/{n) 

must  hold.  The  mode  of  establishing  this  law  in  the  simple  case 
in  which  m  and  n  are  positive  integers  is  a  valuable  algebraical 
artifice. 

But  the  way  in  which  we  iufer  that  /{m-\-n)  =/{m)  ^/(n), 
whatever  m  and  n  may  be,  is  still  more  important.  The  principle 
is  merely  this;  the  form  of  any  algebraical  product  is  the  same 

T.  A,  20 
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whether  the  Actors  represent  whole  nmnberB  or  firactumSy  positiTe 
or  negative  numbers;  thus,  for  example, 

(a  +  6)  (a  +  c)  =  a*  +  (6  +  c)  a  +  ftc 

19  tmo  whatever  a,  b,  and  e  may  be:      Hence  we   infer   €hat 
/{m)  ^/{n)  will  have  the  same  /arm  in  all  cases,  whether  m 
and  n  be  positive  int^ers  or  not. 

The  student  may  also  notice  the  proof  of  this  result  which  is 
given  in  the  Theory  of  Equaiwns^  Chapter  xxiv. 

519.     The  most  difficult  point  however  to  be  considered  is  the 
meaning  of  the  sign  =  in  the  assertion 


(l+a;)-  =  l  +  na;  +  ^^^^x'  + (1). 


Suppose,  for  example,  that  n  =  —  1,  then  the  above  becomes 

(l  +  a;)-*  =  l-a:  +  a'-a'+ (2). 

Now  we  know   that    the  sum    of   r    terms    of   the   series 

1— aj  +  ic*  — a^  + is  — ^-^ — -  ;   hence  when  x  is  numerically 

le88  than  unity,  by  taking  enough  terms  of  the  series,  we  can 

obtain  a  result  diflferiDg  as  little  as  we  please  from  = ,  and  thus 

we  can  in  this  case  understand  the  assertion  in  (2).  But  when 
X  is  numerically  greater  than  unity,  there  is  no  such  numerical 

approximation  to  the  value  of  _ obtained  by  taking  a  large 

A  "T"  aj 

number  of  terms  of  the  series  1— a;  +  a;'  —  «'+ 

We  shall  see  in  the  chapter  on  the  Convergency  of  Series,  that 
when  X  is  numerically  less  than  imity,  we  can  form  a  definite 
conception  of  the  series  on  the  right  of  (1)  whatever  n  may  be. 
In  this  case  there  is  no  difficulty  in  the  assertion 

/(w  +  w)=/(m)x/(ri); 

each  of  the  three  series  which  it  involves  is  arithmetically  intelli- 
gible. But  when  x  is  numerically  greater  than  unity,  we  cannot 
give  an  arithmetical  meaning  to  the  series  or  to  the  assertion;  all 
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we  ought  to  say  is,  that  if  we  form  the  product  of  the  first  r 
terms  of /(m)  and  the  first  r  terms  oif{n)j  the  first  r  terms  of  the 
result  will  agree  with  the  first  r  terms  of /(w  +  w);  but  this  will 
not  justify  us  in  writing/(m  +  w)  =/{m)  x/{n). 

On  the  whole  then  we  may  conclude  that  the  Binomial  Theo- 
rem for  the  expansion  of  (1  +a?)"  gives  a  result  which  is  arithme- 
tically intelligible  and  true  when  x  is  numerically  less  than  unity; 
in  what  sense  the  result  is  true  when  x  is  numerically  greater 
than  unity  has  not  yet  been  explained  in  an  elementary  manner. 
The  subject  of  the  expansion  of  expressions  is  however  properly 
a  portion  of  the  Differential  Calculus,  to  which  the  student  must 
be  referred  for  a  fuller  consideration  of  the  difficulties. 

520.     To  Jmd  the  numerically  greatest  term  in  the  expansion 

o/{l+x)\ 

We  consider  x  as  positive. 

I.  Suppose  n  a  positive  integer.  The  (r+1)*^  term  may  be 
formed  by  multiplying  the  7^  term  by   ^'"^'^    g.,   that  is,  by 

( 1 J  «;  and  this  multiplier  diminishes  as  r  increases.     Put 

(!i±I^l)a;  =  l,     therefore  ;>  =  <!^±1)^. 
\  P  /  ^       x+l    ' 

If  p  be  an  integer,  two  terms  of  the  expansion  are  equal, 
namely,  the  p^  and  the  {p  +  1)*\  and  these  are  greater  than  any 
other  term.  If  p  be  not  ah  integer,  suppose  q  the  integral  part  of 
p,  then  the  (q  + 1)***  term  is  the  greatest. 

II.  Suppose  n  positive  but  not  integral.  As  before,  the 
(r  -f  1)*^  term  may  be  formed  by  multiplying  the  r"*  term  by 


(s±i-i)» 


If  then  X  be  greater  than  unity,  there  is  no  greatest  term;  for 
the  above  multiplier  can,  by  increasing  r,  be  made  as  near  to  -  a 
as  we  please;  that  is,  each  term  from  and  after  some  fixed  term 

20—2 
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can  be  made  as  nearly  as  we  please  nuniericaUt/  x  times  the  pre- 
ceding term,  and  thus  the  terms  increase  without  limit.     But  if  x 

in  + 1  ^  aj 
be  less  than  unity  there  toUl  be  a  greatest  term;  for  if  ^  =  ^ ^^ 

then  as  long  as  r  is  less  than  p  the  multipKer  is  greater  than 
unity,  and  the  terms  go  on  increasing;  but  when  r  is  greater  than 
p  the  multiplier  is  less  than  luiity,  and  so  long  as  it  continues 
positive  it  diminishes  as  r  increases;  and  when  the  multiplier 
becomes  negative  it  is  still  numerically  less  than  unity;  so  that 
each  term  after  r  has  passed  the  value  p  is  numerically  less  than 
the  preceding  term.  Hence,  as  in  the  first  case,  if  j9  be  an  integer, 
the  p^  term  is  equal  to  the  (p  +  1)"*  term,  and  these  are  greater 
than  any  other  term ;  if  ;>  be  not  an  integer,  suppose  q  the  in- 
tegral part  of  p,  then  the  {q  + 1)***  term  is  the  greatest. 

III.     Suppose  n  negative. 

Let  w  =  —  w,  so  that  m  is  positive.  The  numerical  value  of  the 
(r  +  1)"*  term  may  be  obtained  by  multiplying  that  of  the  r^  term 

,      /m  +  r-l\       ,,    .   .     ,      /m-1     ,\ 
by  I J  oj,  that  is,  by  ( +  1  j  a?. 

If  X  be  greater  than  unity  we  may  shew,  as  in  the  second  case, 
that  there  is  no  greatest  term.     If  a;  be  less  than  unity,  put 

» 

(m  — 1     -\        -      ^,       ^             (w  — l)a; 
+  1  )  a;  =  1,     therefore  p  =  -^ ^— . 
p          /                                        l-a? 

If  j3  be  a  positive  integer,  the  p^^  term  is  equal  to  the  (p  + 1)*^ 
term,  and  these  are  greater  than  any  other  term.  If  p  be  positive 
but  not  an  integer,  suppose  q  the  integral  part  of  p,  then  the 
(q  +  iy^  term  is  the  greatest.  Ifp  be  negative,  then  m  is  less  than 
unity;  in  this  case  each  term  is  less  than  the  preceding,  and  the 
first  term,  that  is,  unity,  is  the  greatest 

We  have  supposed  throughout  that  x  is  positive ;  if  a;  be  nega- 
tive, put  ^  =  —  0;,  so  that  y  is  positive;  then  find  the  numerically 
greatest  term  of  (1  +  y)*^  and  this  will  also  be  the  numerically 
greatest  term  of  (1  +  x)\ 
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521.     The  first  term  of  the  expansion  of  (1  +  a?)"  is  unity;  any 
other  term  is  known  since  the  (r  +  1)"*  term  is 

n(n-l) (n^r  +  l)^, 

ir 

This  expression  is  called  the  general  term,  because  by  putting 

1,  2,  3, successively  for  r,  it  gives  us  in  succession  the  2"**, 

3**,  4*^, terms ;  that  is,  we  can  obtain  from  it  any  term  after 

the  first.  The  expression  for  the  general  term  may  be  modified  in 
particular  cases,  and  sometimes  simplified,  as  will  be  seen  in  the 
following  examples : 

(1  +  a;)"*'.     Here  n  =  —  w;  the  general  term  becomes 

(— m)(— m— 1) (— m  — r+1)   , 

j Xy 

[r 
which  may  be  written 

[r  \     )     ' 

(1  +  x)K     Here  n  =  ^ ;  the  numerator  of  the  coefficient  of  af  is 

if  r  is  not  less  than  2,  this  may  be  written 

1.3.5.7 (2r-3)^      .,_i 

2''  ^~"   '     ^ 

hence  in  the  expansion  of  (1  +  x)\  the  first  term  is  1,  the  second 
is  ^Xy  and  a/ny  svhaequent  term  may  be  found  by  putting  for  the 
(r  + 1)*^  term 

1-3.5.7 (2r-3),  , 

(1 +«)"'.     This  is  a  particular  case  of  (l+«)-^     The  co- 
efficient of  x'  is 

2.3.4...      (2  +  r-l) ^_ ^y^  ^^^  is,  (r  + 1) (_  1)'. 

Lr 
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(1  —  xf*.    By  the  preceding  example  the  (r  + 1)^  term  is 

(r+l)(- !)'(-«)',  that  is,  (r  +  l)af. 

522.  A  Multinomial  expression  may  he  raised  to  any  power 
by  repeated  use  of  the  Binomial  Theorem;  thus,  for  example, 

if  we  now  expand  (5  +  cf  and  (5  +  c)*  and  pnt  the  resulting  ex- 
pansions in  the  place  of  these  quantities  respectively,  we  shall 
obtain  the  expansion  of  {a  +  6  +  c}'.     Similarly, 

4.3a(6  +  c  +  rf)*+(6  +  c  +  J)'; 

the  expansion  may  then  be  completed  by  finding  the  expansion 
of  (6  +  c  +  d)*  and  of  (6  +  c  +  d)*  in  the  manner  just  exemplified. 
Or  we  may  proceed  thus, 

+  3  («  +  «>)•  (c4.<f) +  3  (a  +  ft)(c +  <?)•  + (c  +  rf)'; 

the  expansion  may  then  be  completed  by  expanding  (a  +  6)', 
(a  +  6)',  (c  +  d^j  and  (o  +  c?)',  and  effecting  the  requisite  multipli- 
cations. 

523.  To  find  the  number  of  homogeneotis  products  of  r  dimen- 

sions  that  can  he  formed  out  of  n  letters  a,  b,  c, and  their 

powers. 

By  common  division,  or  by  the  Binomial  Theorem, 

1 


\^ax 
1 

1 

1—  CO? 


=  1  +  (WB  +  aV  +  aW  +  .. 


=  1  +  ftrc  +  5V+ 6V  +  ... 


=  l+ca:+c"a:"  +  cV+  ... 
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Thus 

^ .  .5 — ?— .  z =  <l+aa5  +  aaj  +  a ar  + / 

l—axl—bxl  —  cx  (  J 

;|l  +  5aj  +  5V  +  6V+ i  x|l  +caj+cV  +  cV+  > 

=  1  +  S^x  +  /S'ja*  +  AS^ac^  + suppose. 


Here  /S'j  =  a+5  +  <;+ , 

/SL  =  a'  +  oft  +  6*  -f  ac  + 


^Sg  =  a'  +  a'6  +  a5c  +  6*  + 


that  is,  iS'j  is  equal  to  the  sum  of  the  quantities  a,  b,  c, ',  S^  h 

equal  to  the  sum  of  all  the  products,  each  of  two  dimensions,  that 

can  be  formed  of  a,  b,  c,  and  their  powers;  S^  is  equal  to 

the  sum  of  all  the  products,  each  of  three  dimensions,  that  can  be 
formed ;  and  so  on.  To  find  the  number  of  products  in  any  one 
of  these  sets  of  products,  we  pub  a,  6,  <?,  each  =  1;  thus 

rera-I^ becomes^,  or  (I-*)-. 

Henoe  in  this  case  S^  is  the  coefficient  of  of  in  the  expansion 
of  (1 —a?)"";  that  is, 

w  (w  + 1) (n  +  r  —  1) 

-  [E  • 

This  is  therefore  the  number  of  homogeneoua  products  of  r  dimen- 
sions that  can  be  formed  out  of  a,  5,  c,  and  their  powers. 

524.  To  find  the  numher  of  terms  in  the  expansion  of  any 
fmdtinamial,  the  exponent  being  a  positive  integer. 

The  number  of  terms  in  the  expansion  of  (a^  +  a^  +  a,+  . . .  +  a^)* 
is  the  same  as  the  number  of  homogeneous  products  of  n  dimen- 
sions that  can  be  formed  out  of  a^y  a,,  a,,  a^,  and  their 

powers.     Hence,  by  the  preceding  Article,  it  is 

r(r+l)(r+2) (r  +  n-l) 

[n 
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525,  The  Binomial  Theorem  may  be  applied  to  extract  the 
roots  of  numbers  approximately.  Let  iT  be  a  number  whose 
n^^  root  is  requii'ed,  and  suppose  ^V=  a"  +  5;  then 

iV-"=(a"+ 6)-  =  a^l +|;V=  a(l +ar)^ 
where  x=—z.      If  now  as  be  a  small  fraction,  the  terms  in  the 


a 


expansion  of  (1  +  a?)"  diminish  rapidly,  and  we  may  obtain  an  ap- 

proximate  value  of  (l+a?)",  and  therefore  of  N",  by  retaining 
only  a  few  of  these  terms.  It  will  therefore  be  convenient  to 
take  a  so  that  a"  may  differ  as  little  as  possible  from  i\r,  and  thus 
b  may  be  as  small  as  possible.  Sometimes  it  will  be  better  to  sup- 
pose N  =  a*  —  K 

526.  The  ratio  {a-^xf  :  a*  is  nearly  equal  to  the  ratio 
a  +  nx  :  a  when  nx  is  small  compared  with  a.  This  holds 
whether  x  be  positive  or  negative,  and  for  values  of  n  whole 
or  fractional,  positive  or  negative.     See  Art  383. 

527.  We  will  close  this  chapter  with  five  examples  which 
will  illustrate  the  use  of  the  Binomial  Theorem. 

(1)     Expand in  a  series  of  ascending  powers  of  as. 


a+hx 
p  +  qx 


^(l+^-)     P^         ^       PJ 


expand  ( 1  +  —  j     by  the  Binomial  Theorem ;  thus  we  have 

a-i-bx     I  ,      ,  \  /,     gx     g'a^     c^x*  \ 

— -— ==-(a  +  i^)(l-^+^-^+ ] 

p  +  qx     p  ^  '  \        p        p         p  / 

p  p\   pj  p  \  pj 
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Or  we  may  proceed  thus, 

a  +  ox  _^         p       \       pj    ^a     x/y     aq\  A     9^\ 
p  +  qx^  p  +  qx         p+qx     ^p     p\       p/\        p) 


.8_8 


p  p\    pj\    p     p'     /    J' 

and  thus  we  obtain  the  same  result  as  before. 

This  example  frequently  occurs  in  mathematics,  especially  in 
cases  where  x  is  so  small  that  its  square  and  higher  powers  may 
be  neglected;  we  have  then  approximately 

a-hhx  ^a     a;  /,     aq\ 
p+qx    p    p\       p  J' 

(2)  Required  approximate  values  of  the  roots  of  the  quad- 
ratic equation  aaf  +  bx  +  o=Oy  when  ac  is  very  small  compared 
with  h\ 

The  roots  are 

2a 
And  by  the  Binomial  Theorem, 

4ac\4 


^(6'-4ao)  =  6(l-^ 


f       14ac     l/4acY     1  /^ac\*  \ 

~^r"2"F"8U"/  T6UV" J* 


Thus  for  the  root  with  the  upper  sign  we  get 

c     ac*     2aV 
""ft"*F""'"6^       

and  for  the  root  with  the  lower  sign  we  get 

h      c     ac'     2aV 


a     6      6»         6*       

If  a  be  very  small,  while  h  and  c  are  not  small,  the  former  root 

does  not  differ  much  from  —  y,  and  the  latter  root  is  numerically 

0 

very  large.     See  Art  342. 
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It  is  deserving  of  notice  that  the  approximate  valne  of  the 
root  in  the  former  case  coincides  with  what  we  shall  obtain  in  the 
following  way.     Write  the  equation  thus. 

For  an  approximate  resnlt  neglect  the  term  oub*  as  small ;  thus 
we  obtain  a; » —  ^ .  Then  substitute  this  approximate  Yalae  of 
X  in  the  term  oaf;  thus  we  obtain 

XI,  i.  •  c     ac' 

that  is^  *  ~  "  A  "*  A""  • 

Again,  substitute  this  new  approximate  value  of  x  in  the  term 
cafy  and  preserve  the  terms  involving  a  and  a';  thus  we  obtain 

-,    .  .                                             c     ac*     2aV 
that  IS,  «  =  ---._ ^, 

and  so  on. 

(3)  To  prove  that  if  n  be  any  positive  integer  the  integral 
part  of  (2  +  ^3)"  is  an  odd  number. 

The  meaning  of  this  proposition  will  be  easily  seen  by  taking 
some  simple  cases ;  thus  2  +  ^3  lies  between  3  and  4  in  value,  so 
that  the  integral  part  of  it  is  the  odd  number  3 ;  (2  +  ^3)*  will  be 
found  to  lie  between  13  and  14  in  value,  so  that  the  integral  part 
of  it  is  the  odd  number  13. 

Suppose  then  /  to  denote  the  integral  part  of  (2  +  JS)*,  and 
1+  F  its  complete  value,  so  that  ^  is  a  proper  fraction.  We  have 
by  the  Binomial  Theorem 

/+i^=2"  +  n2"-^3U''^!*"^^2"-'3U +3^ (1). 

Now  2  -;^3  is  a  proper  fraction,  therefore  also  so  is  (2  —  «y3)"; 
denote  it  by  ^';  then 

i^'  =  2"-n2-*3*+^^^^^2*-3*- +(-l)"35 (2). 

1 .  J 
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Now  add  (1)  and  (2);  the  irrational  terms  on  the  right  dis- 
appear, and  we  have 


/+ J'+ ^' =  2  f  2"  +  ^ti^^  2— 3* 


^n(n-l)(7^-2)(n-3)^,„3^^    \ 

=  an  even  integer. 

But  F  and  F'  are  proper  fractions :  we  must  therefore  have 
F-{-F'=l,  and  /=  an  odd  integer. 

A  similar  result  holds  for  (a-h^b)"  if  a  is  the  integer  next 
greater  than  ^b,  so  that  a  —  ^6  is  a  proper  fraction. 

(4)  Required  the  sum  of  the  coefficients  of  the  first  r  +  1 
terms  of  the  expansion  of  (1  —  x)".     We  have 

a...     -             n(n  +  l)  ^             w(»  +  l) ...  («  +  r— 1)   - 
-aj)  "  =  l+naj  +  — V-s— a  +  —  +-^ ^-7-^^ ^«  +  ••• 
1.2                                     [r 

(1 -«)''  =  !  +aj  +  iB*  +  a^+ 

Therefore  (1  —  o?)"^"^*^  is  equal  to  the  product  of  the  two  series. 
Now  if  we  multiply  the  series  together,  we  see  that  tlie  coefficient 
0/  of  in  the  product  is 

-  w(n  +  l)  n(n+l) (n  +  r-1) 

^^'^-^-rrr^* *- — —[7^ -' 

this  must  therefore  be  equal  to  the  coefficient  of  of  in  the  ex- 
pansion of  (1  -  ar)"^"**^;  that  is,  to 

(n4-l)(7t  +  2) (n-{-r) 

Ir  ' 

thus  the  required  summation  is  effected 

(5)  The  Binomial  Theorem  maj  be  applied  in  the  manner 
just  shewn  to  establish  numerous  algebraical  identities;  we  will 
give  one  more  example. 
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Let        <^(m,r)  =  — ^ '- -f ^^ ' ; 

it  is  required  to  shew  that 

<jE»(7i,  0)<^(/i,  r)-<jE»(7i,  l)<^(n- 1,  r- l)  +  «^  (ri,  2)  <^(7i-2,  r-2) 

-«jE»(7i,3)X7i-3,  r-3)+ =0. 

The  expression  here  given  is  the  expansion  of 
7^(n-l)(7^~2)...(n-r4^1)^^      .., 

which  must  obviously  be  zero. 

EXAMPLES   OF   THE   BINOMIAL  THEOBEM. 

Expand  each  of  the  following  twelve  expressions  to  four  terms : 

1.     (1+aj)*  2.     (1+ic)*.  3.     (l+a;)*. 

4.     (l+a;)-i.  5.     (l+a?)"*.  6.     (!+«)"*. 

7.     (a-a;)i  8.     (l-2x)*.  9.     JipJ^-x^ 

10.     (3a- 2a:)*  11.     (a'-6x)"i         12.     (l  +  5x)v. 

Find  the  (r  + 1)*  term  in  the  expansion  of  the  following  seven 
expressions  : 

13.     (l-a)"".     14.    (\-xf.     15.    {l-pxf.     16.    -jj^ — :. 

17.    (1-aO-*.  18.     (1-2*)-*.  19.     jj^y 

Calculate  the  following  four  roots  approximately: 

20.    ^(24).     21.     ^(999).       2%     »/(31).      23.      »/(99000). 

24.  If  OS  be  small  compared  with  unity,  shew  that 

25.  Shew  that  the  number  of  combinations  of  n  things  when 

taken  in  ones^  threes,  fives, exceeds  the  number  when  taken 

in  twos,  fours,  sixes,  by  unity. 
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26.     Shew  that  the  number  of  homogeneous  products  of  n 
things  of  n  dimensions  is 

\2n-l 


\n 


n-^l 


Find  the  greatest  term  in  the  following  four  expansions  : 

2 

27.  (1  +  a?)"  when  x  =  ^  and  n  =  4. 

28.  (1  +  «)""  when  x  =  -=  and  n=12. 

29.  (1  +  a;)""  when  x  =  -=  and  w  =  3. 

30.  (1  —  a?)""  when  a?  =  ^  and  n  =  'x. 


8n-(-l 


31,  Find  the  greatest  term  in  the  expansion  of  fw  —  j      , 
where  w  is  a  positive  integer. 

32,  Find  the  number  of  terms  in  the  expansion  of  * 

33,  Find  the  first  term  with  a  negative  coefficient  in  the 

11 

expansion  of  (1  +  ^xy, 

34k     If  ^  be  greater  than  n,  the  coefficient  of  a?'  in  the  expan- 

SlOn  of    7= rsi  IS  ^-^ '-^ r^ ^-^ • 

(1-a?)  |2n-l 

(1  -  2xY 

35.  The  coefficient  of  oc^  in  the  expansion  of  7= — jr-^  is 

(1  —  3ar) 

^,.,(n+l)(7i  +  2)(dn-h3) 
^      2 • 

36.  What  is  the  coefficient  of  x*  in  the  expansion  of  ^:j ? 

37.  Expand  f j  in  ascending  powers  of  x.    Write  down 

the  coefficient  of  »*''  and  of  o;*"^*. 
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38.  Prove  that  the  »*  coefficient  in  the  expansion  of  (1  —  «)"" 

is  always  the  double  of  the  (n  —  1)*. 

39.  Shew  that  if  t^  denote  the  middle  term  in  the  expansion 
of  (1  +0?)*",  then  ^0  +  ^1  +  ^,+ =(1-40;)-*, 

40.  Write  down  the  sum  of 

-         1  1.3         1.3.5  T.y 

41.  Find  the  sum  of  the  squares  of  the  coefficients  in  the 
expansion  of  (1  +  a;)",  where  w  is  a  positive  integer. 

43.     Prove  that  the  coefficient   of  aT  in  the  expansion  of 
:jri  is  equal  to  the  coefficient  of  a;"  in  the  expansion  of 


1 


44.     Find  the  coefficiemt  of  of  in 

(l  +  2aj  +  3aj*+4aj'+ adinf.y. 

XXXVII.     THE  MULTINOMIAL  THEOREM. 

528.  We  have  in  the  preceding  chapter  given  some  examples 
of  the  expansion  of  a  multinomial ;  we  now  proceed  to  consider 
this  point  more  fully.     We  propose  to  find  an  expression  for  the 

general  term  in  the  expansion  of  (a^  +  a^x  +  a^'+  a^x^  + )". 

The  number  of  terms  in  the  series  a^,  a^ya^^  may  be  any 

whatever,  and  n  may  be  positive  or  negative,  integral  or  frac- 
tional. 

Put  6j  for  a^x -h  ajxf -h  a^a?  ■{- ,  then  we  have  to  expand 

(^0  +  ^i)"i  't^6  general  term  of  the  expansion  is 
n{n^l)(n^2) .(n>-/x.  +  l) 

d  Q 
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fi  being  a  positive  integer.     Put  h^  for  a^x*-¥a^Q^+ ,  then 

h^^ss(a^x-^b^'*';  since  /x,  is  a  positive  integer  the  general  term  of 
the  expansion  of  (a  a;  +  b)    may  be  denoted  either  by 

,    ^      ia.xy^h'  or  by  —^ — (fl^^YK^l 


we  "will  adopt  the  latter  form  as  more  convenient  for  our  purpose. 

Combining  this  with  the  former  result,  we  see  that  the  general 
t-erm  of  the  proposed  expansion  may  be  written 

n(n-l)(n^2)......(n^;.  +  l) 

Again,  put  63  for  ajc^  ■{- a^x*  + ,  then  h^'^'^  =  {a^oc^  +  b.y^, 

and  the  general  term  of  the  expansion  of  this  will  be 


\r\tJ.-q-r 

Hence  the  general  term  of  the  proposed  expansion  may  be 
written 

^(^-^)(^-^) (^-^^^)  a:-^  {a,xy  {a^^ybr-. 

Proceeding  in  this  way  we  shall  obtain  for  the  required 
general  term 

n(n-\)(n-^2)   (n^^.^!)     -^    ,    .    .   * ^..r.u.u.^ 

where  g'  +  r  +  «  +  ^  + =  fu 

If  we  suppose  n  —  fi  =  p,  we  may  write  the  general  term  in 
the  form 

«(n-lKn-2^._(^+l)     ,    ,    .    . ^,...u.u.. 

.     lllllfli ...    4 

where  p  +  q  +  r  +  s  +  t  +  ...  .  =». 
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Thns  the  expansion  of  the  proposed  mnltinomial  consists  of  a 
series  of  terms  of  iirhich  that  just  given  m&j  be  taken  as  the 
general  type. 

It  should  be  observed  that  q,  r^  8,  t, are  always  positive 

integers,  but  p  is  not  a  positive  integer  unless  n  be  a  positive 
integer.  When  p  in  sl  positive  integer,  we  may,  by  multiplying 
both  numerator  and  denominator  by  l^,  write  the  coefficient 

n{n-~l)(n-~2) (p  +  1) 

ULrlili 

in  the  more  symmetrical  form 


[pisiriili 


529.  Suppose  we  require  the  coefficient  of  an  assigned  power 

of  X  in  the  expansion  of  (a^  +  a^x-ha^a^  + )",  for   example, 

that  of  oT.     We  have  then 

■ 

q  +  2r+Zs  +  4t+ =w, 

p  +  q  +  r-^s  +  t-^ =«. 

We  must  find   by   trial   all  the  positive  integral  values  of 

q^  r,  Sf  t,  which  satisfy  the  first  of  these  equations;   then 

from  the  second  equation  p  can  be  found.  The  required  coeffi- 
cient is  then  the  sum  of  the  corresponding  values  of  the  ex- 
pression 

n{n-l){n-2) (p  +  \)  . 

[q[r\i[l «.a.  a.a.a, 

When  n  is  a  positive  integer,  then  p  must  be  so  too,  and 
we  may  use  the  more  symmetrical  form 

\n 
[£[g[r[7[£ <a,'a;a,'a: 

530.  For  example,  find  the  coefficient  of  aP  in  the  expansion 
of(l  +  2a;  +  3a;*  +  4a7. 


N 


Here 


THE   MULTINOMIAL  THEOREM. 


321 


P     ^ 


8 


Begin  with  the  greatest  admissible  value  of 
*;  this  is  «  =  2,  with  which  we  have  r  =  0,  g'  =  1, 
p  =  1.  Next  try  8=1;  with  this  we  may  have 
r=2,  g  =  0,  jt?=l;  also  we  may  have  r  =  1, 
q  =  2,  p  =  0,  Next  try  8  =  0;  with  this  we  may 
have  r=  3,  g=  1,  p  =  0.  These  are  all  the  so- 
lutions j  they  are  collected  in  the  annexed  table. 
Also  a^^ly  a^  =  2,  a,  =  3,  %=^*  Thus  the  required  coeffi- 
cient is 


1 
1 

0 
0 

1 

0 
2 
1 

0 
2 
1 
3 

2 
1 
1 
0 

lioi 


11  o. 


lio. 


that  is,            384  +  432  +  576  +  216 ;  that  is,  1608. 
Again;  find  the  coefficient  of  as'  in  the  expansion  of 
(l  +  2aj  +  3a:'+4aJ»+ )*, 

Here  g'+2r  +  3«+ =  3, 

|?  +  g  +  r  +  «+ =i. 

All  the  solutions  are  given  in  the  annexed 
table,  and  the  required  coefficient  is 


p 

9 

r 

8 

1 

0 

0 

1 

2 

3 

1 

1 

0 

2 

6 

3 

0 

0 

2 

that  is, 


3      1 
2-2+2^  that  is,  1. 


In  this  case,  since 

l  +  2a?  +  3jB*+4aJ»+ =  (l-a;)-", 

the  proposed  expression  is  {(1  —  «)"*'}%  that  is,  (1— a;)"*.     And 

(l-a?)"*=l +«  +  «•  +  »•+ ; 

T.  A.  21 
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thus  we  see  tliat  the  coefficient  of  x^  ought  to  be  1 ;  and  the 
student  may  exercise  himself  by  applying  the  multinomial  theo- 
rem to  find  the  coefficients  of  other  powers  of  x,  as,  for  ex- 
ample, X*. 


EXAMPLES   OF  THE   KULTIKOMIAL  THEOREIL 

Find  the  coefficients  of  the  specified  powers  of  a;  in  the  fol- 
lowing expansions : 

1.  a*  in  (1  +05  +  0;')". 

2.  a?"  in  (1  +  a^x  +  a^ai?  +  a^(x^'^. 

3.  a;*  in  (1  -  2a;  +  3a;*  -  4a;')*. 

4.  a;**  in  (1  +  a;  +  a;"  +  a;"  +  a;*  +  af)\ 

5.  a;*  in  (2-3a;-4a;y. 

6.  a;»  in  (l-a;  +  2a;')^ 

7.  a;*  in  (2-5a;-7a;7. 

8.  a;'  in  (1  -  2a;*  +  ix*Y\ 

9.  X*  in  (1  +  a;  +  a;*)-*. 

10.     a;*  in  (1 +  2a;-a;")"V 

(a;*     a;*\ ""' 

12.  a;*  in  (1 +  2a;-4a;*- 2a;»)-*. 

13.  a;«  in  (a*  -  2a'a;  +  a;*)*. 

14.  x"  in  (1  +  a;*  +  a;*  +  a;*  -  a;^)'. 
lo.     a;*  in  (1  +  a;  +  a;*)*;. 

16.  a;*  in  (1  +  3a;  +  5a;»  +  7a;' +  9a;V y. 

17.  a;"  in  (l+a;  +  a;*+ )•. 

18.  a;'  in  (1  +  2a;  +  3a;')". 

19.  a;*  in  (1  +  2a;  +  3a;*  +  4a;»  + )"*. 

20.  a;*  in  (cto  +  tti^  +  »,«*)"• 
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21.  ««  in  (1-0^ +  «"-«*)*. 

22.  «■  in  {1-^ax-^hxyK 

23.  (K?  in  {l'ha^x-{-a^'  +  a^x*+ )". 

24.  Find  the  coefficient  of  abc*  in  (a+  6  +  cf. 

25.  Find  the  coefficient  of  a*6V  in  (a  —  5  -  c/. 

26.  Find  the  coefficient  of  a'bV  in  (a  +  ^  +  c  +  d)\ 

27.  Find  the  coefficient  of  abVd*  in  (a  -  6  +  c  -  <;)'^ 

28.  Write  down  those  terms  in  the  expansion  of  (a  +  &  +  c)" 
which  involve  powers  of  b  and  c  as  high  as  the  third  power  in- 
clusive. 

29.  Write  down  all  the  terms  in  the  expansion  of 

(a  +  5  +  c  +  fl?)" 
which  contain  ci?"""*. 

30.  Find  the  greatest  coefficient  in  the  expansion  of 

(a-hb  +  c-hdy^ 

31.  The  greatest  coefficient  in  the  expansion  of 

(a,  +  a,  + +0* 

''{L2r{?+ir 

where  q  is  the  quotient,  and  r  the  remainder  when  n  is  divided 
by  m. 

32.  Shew  that  the  coefficient  of  x^"*"^  in  the  expansion  of 

{a^  +  a^x  +  a^af-h )* 

is  2(a.a^^j  +  a^a^  +  a,a^_j+ +aA+i)- 

33.  Expand  (1  —  2px  +  aj*)"i  as  far  as  x\ 

34.  Expand  (a  +  6aj  +  ca;*)""*  as  far  as  x\ 

M 

35.  Expand  (l-a:-x*-a;*/ as  far  as  a?. 

36.  In  the  expansion  of  (1  +  a  +  a*  + +  a')",  where  n  is 

a  positive  integer,  shew  that  (1)  the  coefficients  of  the  terms  equi- 

21—2 
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distant  from  the  beginning  and  the  end  are  eqaal ;  (2)  the  coeffi- 
cient of  the  middle  term,  or  of  the  two  middle  terms,  according  as 
nr  is  even  or  odd,  is  greater  than  any  other  coefficient  j  (3)  the  co- 
efficients continually  increase  from  the  first  np  to  the  greatest. 

37.  If  «„  ^i»  ^,»  »8»  •••  ^  *^®  coefficients  in  order  of  the 
expansion  of  (1  +  05+05*  + +  as')",  prove  that 

(1)  ao  +  »,  +  a«+ +«Hr  =  (^+l)"« 

(2)  aj  +  2ag  +  3a3+ +wra^^  =  ^nr(r+ 1)". 

38.  If  a^  a^f  a,,  a,,  be  the  coefficients  in  order  of  the 

expansion  of  (1  +  05  +  05")",  prove  that 

a/- «/  +  «,•- a.»+ +(-l)-a'^_^  =  Ja^{l-(-l)X}. 

XXXVIII.     LOGARITHMS. 

531.  Suppose  a'  =  w,  then  x  is  called  the  logarithm  qfnto  tlis 
hose  a;  thus  the  logarithm  of  a  number  to  a  given  base  is  the 
index  of  the  power  to  which  the  base  must  be  raised  to  be  equal 
to  the  number. 

The  logarithm  of  n  to  the  base  a  is  written  log^n;  thus 
log^n  =  ^  expresses  the  same  relation  as  a*  =  n. 

532.  For  example,  3*  =  81 ;  thus  4  is  the  logarithm  of  81  to 
the  base  3. 

If  we  wish  to  find  the  logarithms  of  the  numbers  1,  2,  3, 

to  a  given  base  10,  for  example,  we  have  to  solve  a  series  of  equa- 
tions 10'=  1,  10'  =  2,  10'=;  3, We  shall  see  in  the  next 

chapter  that  this  can  be  done  approodmaUly,  that  is,  for  example, 
although  we  cannot  find  such  a  value  of  x  as  will  make  10*  =  2 
excusUy,  yet  we  can  find  such  a  value  of  a;  as  will  make  10'  differ 
from  2  by  as  small  a  quantity  as  we  please. 

We  shall  now  prove  some  of  the  properties  of  logarithms. 

533.  TIw  logarithmo/  1  is  0  tohcUever  the  hose  may  he. 
For  a'=  1  when  0?  =  C; 
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534     Thejpgarithm  of  ike  base  itself  is  unity » 
For  a*=  a  when  x=\. 

535.  Hie  logarvthm,  of  a  product  is  equal  to  the  sum  of  the 
logarithms  of  its  factors. 

For  let  x  =  log»m,    y  =  log^n ; 

therefore  ?»  =  a',     w  =  a*; 

therefore  ^  mn  =  a'c^  =  a'^^ ; 

therefore  log^mn  =  x  +  y  =  log^m  +  log^w. 

536.  The  logarithm  of  a  quotient  is  equal  to  tlie  logarithm  of 
tlie  dividend  diminislwd  by  the  logarithm  of  the  divisor. 

For  let  X  =  log»m,     y  =  log^  w ; 

therefore  m  =  a',     w  =  a^; 

therefore  —  =  --  =  «'"*  • 

n     w 

therefore  log,  —  =  as  —  y  =  log«  m  —  \og^  n. 

537.  The  logarithm  of  amy  power,  integral  or  fractional,  of  a 
number  is  equal  to  tlie  product  of  ike  loga/rithm  of  tlie  number  by  tlie 
iadex  of  ike  power. 

For  let  711=  a' I  therefore  m*  =  (a*)'  =  a", 

therefore  log,  {nf)  =  xr  =  r  log„  m, 

538.  To  find  the  relation  betioeen  ike  loga/riikms  of  tke  same 
number  to  differerU  bases. 

Let  x  =  log,m,     y  =  log^m ; 

therefore  m^^a'  and  =^j 

therefore  a' =  6*; 

therefore  a*  =  6,  and  b'=ai 

X  t/ 

therefore  -  =  log»6,  and-  =  Iogja. 
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Hence  y=x log^a,  and  =  ,  ^  / 


X 

Hence  the  logarithm  of  a  number  to  the  base  b  may  be  found 
hy  multiplyiDg  the  logarithm  of  the  number  to  the  base  a  by 

We  may  notice  that  log^^a  x  log„b  =  1. 

539.  In  pracl^cal  calculations  the  only  base  that  is  used  is 
10;  logarithms  to  the  base  10  are  called  common  logarithms.  We 
will  point  out  in  the  next  two  articles  some  peculiarities  which 
constitute  the  advantage  of  the  base  10.  We  shall  require  the  fol- 
lowing definition;  the  integral  part  of  any  logarithm  is  called  the 
clharacteristic,  and  the  decimal  part  the  mantissa, 

540.  In  the  common  system  of  logarithmsj^  if  the  logarithm 
of  any  number  be  known  we  can  immediately  determine  the  loga- 
rithm  of  the  product  or  quotient  of  that  number  by  any  ix>wer 
of  10. 

For        log,,10*  X  ir=  log,.ir^  log,,10-  =  log,,2r+  w, 
logjo  jQ^  =  logi.  i\r- log^^lO"  =  logj^iT- «. 

That  is>  if  we  know  the  logarithm  of  any  number  we  can 
determine  the  logarithm  of  any  number  which  has  the  same 
figures,  but  differs  merely  by  the  position  of  the  decimal  point. 

541.  In  the  common  system  of  logarithms  the  characteristic 
of  the  logarithm  of  any  number  can  be  determined  by  inspection. 

For  suppose  the  number  to  be  greater  than  unity  and  to  lie 
between  10"  and  10""^^;  then  its  logarithm  must  be  greater  than 
n  and  less  than  n  + 1 ;  hence  the  characteristic  of  the  logarithm 
is  n. 

Next  suppose  the  number  to  be  loss  than  unity,  and  to  lie 

between   -Tyi  a^^cl  TTTTm,  that  is,  between  10~"  and  10"^"***;  then 
its  logarithm  will  be  some  negative  quantity  between  —  n  and 
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—  (n-hl);    hence  if  we  agree  that  the  mantissa  shall  always  be 
positive,  the  characteristic  will  be  —  (n  +  1). 

Further  information  on  the  practical  use  of  logarithms  will  be 
found  in  works  on  Tidgonometry  and  in  the  introductions  to 
Tables  of  Logarithms. 

•  EXAMPLES   OF  LOGARITHMS. 

1.  What  is  the  logarithm  of  144  to  the  base  2  ^3  ? 

2.  What  is  the  characteristic  of  the  logaiithm  of  7  to  the 
base  21 

3.  Find  the  characteristic  of  logj  5, 

4.  Find  log^  3125. 

5.  Give  the  chai-acteristic  of  log^^,  1230,  and  of  log^^  -0123. 

6.  Given  log  2  =  -301030  and  log  3  = -477121,  find  the  loga- 
rithms of  -05  and  of  5-4. 

7.  Given  log  2  and  log  3  (see  Ex.  6),  find  the  logarithm  of  -006. 

8.  Given  log  2  and  log  3,  find  the  logarithms  of  36,  27,  and  16. 

9.  Given  log  648  =  2-81157501,  log  864  =  2*93651374,  find 
log  3  and  log  5. 

10.  Given  log  2,  find  log  ^(1-25). 

11.  Given  log  2,  find  log  -0025. 

12.  Given  log  2,  find  log  ^(-0125). 

13.  Given  log  2  and  log  3,  find  log  1080  and  log  (-0025)^ 

14.  Having  given  log,,  2  =  -301030  and  log,,  7  =  -845098,  find 

log^j,  98  and  the  logarithm  of  (  aJo  )    to  the  base  1000. 

15.  Find  the  number  of  digits  in  2**,  having  given  log  2. 

16.  Given  log  2,  and  log  5-743491  =  -7591760,  find  the  fifth 
root  of  -0625. 

17.  If  P  be  the  number  of  the  integers  whose  logarithms 
Lave  the  characteristic  /?,  and  Q  the  number  of  the  integers  the 
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logaritlims  of  whose  reciprocals  have  the  characteristic  —q,  shew 

that 

log  P— log  Q  =p  -  9'  + 1. 

1  1  1 

18.  If  y  =  e*"*^'  and  «  =  e^"^^,  prove  that  x  =  e'"*^*. 

19.  If  a,  5,  c  be  in  G.P.,  then  log^n,  log^n^  log^  n  are  in  h.p. 

20.  If  the  number  of  persons  bom  in  any  year  be  —  th  of 

the  whole  population  at  the  commencement  of  the  year,  and  the 

number  of  those  who  die  —  th  of  it^  find  in  how  many  years  the 

population  will  be  doubled;  having  given 

log  2  =  -301030,  log  180  =  2-255272,  log  181  =  2-257679. 


XXXIX.     EXPONENTIAL  AND  LOGARITHMIC 

SERIES. 

542.  To  expand  a'  in  a  series  of  ascending  powers  o/  x;  that 
is,  to  expand  a  nvmber  in  a  series  of  ascending  povoers  of  its 
loga/rithm  to  a  given  base. 

x{x-l)(x-2),       -.3    x(x-'l)(x-2)(x-'S)  .       ,,^ 
^         1.2.3         (^-^)-*-  1.2.3.4 -^«-ir^- 

=  l+a;{a-l-i(a-l/  +  J(a-l)»-i(a-l)*+ } 

+  terms  involving  ic",  x^,  &c. 

This  shews  that  a'  cam,  be  expanded  in  a  series  beginning 
with  1  and  proceeding  in  ascending  powers  of  a?;  we  may  there- 
fore suppose  that 

a*  =  1  +  CjO;  +  c^  +  cjKf  +  c^aj*  + 

where  c^,  c^  c^,  are  quantities  which  do  not  depend  on  a, 

and    which    therefore    remain   unchanged    however    x  may   be 
changed;  also 

c.  =  a-l-i(a-l)'  +  4(«-l)'-i{«-ir+ 
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while  Cj,  Cg,  are  at  present  tmknown;   we  proceed  to  find 

tlieir  values.     Ckanging  x  into  x  +  y  we  have 

a'''»=l+c^{x-^y)-^c^(x-^yy  +  c^(x  +  yy+ ; 

but  a'^^  =  a' a?  =  a*  { 1  +  c ,  a:  +  c^o;'  +  c^  + } . 

Since  the  two  expressions  for  a***  are  identically  equal,  we 
may  assuuM  that  the  coefficients  of  a;  in  the  two  expressions  are 
equal,  thus 

Cj  +  2cay  +  Sc^y*  +  4c^*  + —c^(^ 

=  Cj{l+Cjy  +  cy+cy+ }. 

In  this  identity  we  may  assume  that  the  coefficients  of  the 
corresponding  powers  of  y  are  equal ;  thus 

2c,  =  c^\  therefore  c,  =  -^  ; 

c  c  c 

3c3  =  c,c, ;         therefore  <?8  =  -3-'  =  17273  ' 

4c,  =  c^c^^        therefore  c,  =  ^»  =  ^    l\^  j^  I 


Thus  a'=l  +c.aj4--^  +  -^+  ~r+ 

»         1^         [3         [4 

Since  this  result  is  true  for  all  values  of  x,  take  x  such  that 
caj  =  1,  then  a?  =  — ,  and 

i.  1        1        1 

this  series  is  usually  denoted  by  «;  thus  a^*  =  c,  therefore  a  =  eci 
and  Cj  =log,a;  hence 

a  =  1  +  (log.a)  a;  + r^ + — — + 

This  result  is  called  the  Exponential  Theorem, 
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Put  6  for  a,  tlien  log.  a  becomes  log,e,  that  is,  unity  (Art.  534); 

thus  '^=l-^-^g-^g+0- 

This  very  important  result  is  true  for  all  values  of  x ;  and  the 
student  should  render  himself  so  femiliar  with  it  as  to  be  able  to 
apply  it  to  special  cases.     For  example,  suppose  «=  - 1 ;  thus  ' 

e      L^      [3-*-[4      15-' 

Or  we  may  put  any  other  symbol  for  x ;  thus  putting  riz  for  x 
we  have 

^n*      1    .  ^V       TlV       TlV 

a   =l+„.+  -^  +  _H._+ 

We  shall  in  Art.  551  make  a  remark  on  one  part  of  the  pre- 
ceding investigation,  and  we  shall  recur  hereafter  to  the  asmmption 
which  has  been  made  twice  in  the  course  of  the  present  article. 

543.  By  actual  calculation  we  may  find  approximately  the 
numerical  value  of  the  series  which  we  have  denoted  by  e;  it  is 
2718281828 

544.  To  eaypcmd  log.  (1  +  x)  in  a  series  of  ascending  powers 
of  X. 

We  have  seen  in  Art.  542,  that  c^  =  log.a;  that  is,  by  the 
same  article, 

log,a  =  a-l-i(a-l/+i(a-l)»-l(a-l)*+ 

For  a  put  1+x;  hence 

•K*       tK*       iC* 

log.(l  +  a;)  =  aj--j+~--+ 

This  series  may  be  applied  to  calculate  log.  (1  +x)  if  x  is 
a  proper  fraction;  but  unless  x  be  very  small,  the  terms  diminish 
so  slowly  that  we  shall  have  to  retain  a  large  number  of  them; 
if  X  be  greater  than  unity,  the  series  is  altogether  unsuitable.  We 
shall  therefore  deduce  some  more  convenient  formulae. 

545.  We  have 

I         /I  \  XT       X         X 

log,{l+x)  =  x-j+j-j+ ; 
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therefore  log.(l -a5)  =  -a._^  _|.  _|!_ , 

by  subtraction  we  obtain  the  value  of  log,  (1  +  a)  -  log.  (1  -  a:), 
that  is,  of  log, ; 

therefore  log,.; =2\x  +  -^  +-.-+ }• 

1  —X        [^        o       o  ) 

In  this  series  write for  a?,  and  therefore  —  for  -z : 

w  + 71  n  1  —X 

thus 

1      !!5-q/*'*~^      I /m  —  nV    I  /m-ny  "i  .-v 

^n"    \m  +  7i     3\m  +  n/     5\m-^n)     '\""] 

Put  w  =  1,  then 

log.m  =  2-^ r+ o( t)  +k( ?)  + \ (2)- 

°  (7/1  +  1      3  \m  +  1/     5  \m  +  1/  J         ^  ' 

Again,  in  (1)   put  tti  =  th-  1,  thus   we  obtain   the  value   of 

71+1 

log. ;  therefore  log.(7i  +  1)  —  log.7i 

n 

"^|2i;m'*"3(2n+i)»'^  5(271+1)*"^ J ^^^* 

546.  The  series  (2)  of  the  preceding  article  will  enable  us  to 
find  log.  2 ;  put  t/i  =  2,  then  by  calculation  we  shall  find 

log.2  = -69314718 

From  the  series  (3)  we  can  calculate  the  logarithm  of  either  of 

two  consecutive  numbers  when  we  know  that  of  the  other.     Put 

n  =  2,  and  by  making  use  of  the  known  value  of  log.  2,  we  shall 

obtain 

log.3  =  1-09861229 

!Put  71  =  9  in  (3);  then  log.7i  =  log.9  =  log*3*  =  2  log,3  and  is 
therefore  known;  hence  we  shall  find 

log.lO=  2-30258509 

547.  Logarithms  to  the  base  e  are  called  Napierian  loga- 
rithms, from  Napier  the  inventor  of  logarithms;  they  are  also 
called  ruUural  logarithms^  being  those  which  occur  first  in   our 
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investigation  of  a  method  of  calculating  logarithms.  We  have 
said  that  the  base  10  is  the  only  base  used  in  the  practical  appli- 
cation of  logarithms,  but  logarithms  to  the  Kapienan  base  occur 
frequently  in  theoretical  investigations. 

548.  From  Art  538  we  see  that  the  logarithm  of  a  number 
to  the  base  10  can  be  found  by  multiplying  the  Napierian  loga- 

"*^  ^^  13^'  *^*  ^'  ^y  2»8509'  •"^  ^y  -43429448;  this 
multiplier  is  called  the  modiUiLS  of  the  common  system. 

The  series  in  Art.  5i5  may  be  so  adjusted  as  to  give  common 
logarithms;  for  example,  take  the  series  (3),  multiply  throughout 
by  the  modulus  which  we  shall  denote  by  /u,;  thus 

that  is, 

log.,(n  +  1)  -  log,.«  =2M{^H-^^^  +  ^^i^,+ ...}  . 

549.  By  Art  5i2  we  have 


/.     IX-     /      «*      a^      a;*  N" 


=  03"  +  terms  containing  higher  powers  of  a; (1). 

Again,  by  the  binomial  theorem, 

(e'  - 1)"  =  e*"  -  ne^''"^  +  ""  ^^^  ^^  e^""'^'  - ...(2). 

Expand  each  of  the  terms  e"*,  e^""*^, ;  thus  the  coefficient 

of  aj'  in  (2)  will  be 

Ir-^      Ir     ■"       12  ll     "  13  \r     "^ 

Hence  from  (1),  by  the  same  principle  as  in  Art  542,  we  see 
that 

nr-n{n^iy+     V         \n--2y ! r^ ^(n-3)'+ 

is  =  [w  if  r  =  w,  and  is  =  0  if  r  be  less  than  n. 
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It  is  easy  to  see  that  the  term  on  the  right-hand  side  of  (1) 

TV  

which  involves  aj""*"*  is  oaj""*"*.     Thus  we  get,  by  the  same  principle 
as  before, 


550,     We  will  give  another  method  of  arriving  at  the  expo- 
nential theorem.     By  the  Binomial  Theorem 

/       IN"*^  1     na(wa-l)  1    ,  ivK(7iX'-l)(nx-'2)  1 

\      n/  n  [^        n'  [3  n* 

nx (nx  —  1)  (nx—  2)  (nx—  3)  1 

"*■  [4  n'^ 

that  is, 


n  +  -j  =l+a;+      \.,  '"  + 


X 


(*-^)(*-!)('^-D 


B -^ 


Put  aj=l,  then  (l+-) 
-      -  n      \  .  n)\      n)      \      n)\      n)\      n) 

=  i+i+_+ ^ — + ^ + 


(-=)"-((-9T 

hence  1  +  a?  +  +  .a  + 


-l'*i+-rr* — 0 — * j- 


Now  this  ,being  true  however  large  n  may  be,  will  be  tine 
when  n  is  made  infinite;  then  -^  vanishes  and  we  obtain 


n 
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that  is,  =e'. 

"We  have  thus  obtained  the  expansion  of  e'  in  powers  of  a? ; 
to  find  the  expansion  of  a'  sappose  a  =  e'  so  that  c  =  log,a,  thus 


a'=er=  1  -hCX  +  -r7r  + 


cV     cV     -*-* 


12        L3       li      

551.     The  student  will  notice  that  in.  the  preceding  article  we 

have  used  the  binomial  theorem  to  expand  a  power  of  1  +  -9  and 

if  -  is  leas  than  unity,  we  are  certain  that  the  expansion  gives  an 
n 

arithmeticaUf/  true  result  (Art  519).  In  the  proof  given  of  the 
exponential  theorem  in  the  first  article  of  this  chapter,  if  a  —  1  is 
greater  than  unity,  the  expansion  by  the  binomial  theorem  with 
which  the  proof  commences  will  not  be  arithmetically  intelligible; 
and  consequently  the  proof  can  only  be  considered  sound  pro- 
vided a  is  less  than  2.  "With  this  restriction  the  proof  is  sound, 
and  X  may  have  any  value.  In  order  to  complete  that  proof  we 
have  to  shew  that  the  .theorem  is  true  for  any  value  of  a;  and  as 
e  is  greater  than  2  we  ought  not  to  change  a  into  e  until  we  have 
removed  this  restriction  as  to  the  value  of  a.  This  restriction 
can  be  easily  removed ;  for  in  the  theorem 

•     1/1        X        Qog^ayx^     (log.a)V 
a'=  l  +  (log,a)a?+>    '=^/      +  ^   ^'   ^      + 

put  a  =  A^,  and  by  taking  y  small  enough  A  may  be  made  as 
great  as  we  please,  while  a  is  less  than  2.     Then 

log.a  =  ylog.^; 
thus 

A^    t     n      A\          (log.A)yx'     (\og,A)yx^ 
ii^=rl+(log,^)ya;+^   ^    '^      "*"  |3         "^ 

therefore,  putting  z  for  yx, 

^'=l4-(log,^)g+^    ^/      +^    °' /     + 

thus  the  exponential  theorem  is  proved  universally. 
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552.     "We  have  found  in  Art.  550,  that  when  n  increases 

without  limit  f  1  +  -  J     ultimately  becomes  e' ;  in  the  same  way 

we   may  shew  that  when  n  increases  without  limit  (1+-) 
ultimately  becomes  e". 


EXAMPLES   OP  LOGARITHMIC   SERIES. 

1.  Prove  that  log,(aj+  1)  =  2  log,a;-log, («- 1) 

Given   logjj^3  = -47712  and  = 1— =-43429,  apply  the  above 

series  to  calculate  log^^  11. 

2.  Shew  that  log,  {x  +  2h)  =  2  log,  (x  +  h)-  log,  x 

.  f     h*          1      h*         1      h'  1 

\{x  +  hy'^2(x  +  hy'^3{x-hhy'^ /" 

3.  If  a,  5,  c  be  three  consecutive  numbers, 
log.c  =  21og,6-log,a  V 

i2ac+l  ■^3(2ac  +  l)'"^5(2ac+l)*"*" J* 

4.  If  X  and  fi  be  the  roots  of  oas'  +  bx  +  c  =  0,  shew  that 

X'4- u.' 

•  log  (a  —  6aj  +  coif)  =  log  a+  {k  +  fi)x ^r-^  03*  + 

5.  Log;{l  + 1  +a;+  (1  +«)'}  =  3  log,(l  +x)-  log,* 

(     1  1_J J[ •» 

1(1 +«/■*■  2  (1 +«)•■*■  3 (1 +«)•  "^ J* 

6.  Log. («+!)=  ^  log.a!  -  IJ^J  log.  {x  - 1) 

2      f      1               2               3  I 

~2a!+l  la.S.*"      3.5.«»     4.7.a;'      )' 
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—            ~      jc*        aj*        a^ 
7.     Log.(l+«)"  (!-«)•  =j-^+3^  +  g-g+ 


8.  Find  the  Napierian  logarithm  of  j^.     To  how  many 
decimal  places  is  your  result  correct? 

9.  Assuming  the  series  for  log,  (1  +  x)  and  e',  shew  that 

nearly  when  n  is  large;  and  find  the  next  term  of  the  series  of 
which  the  expression  on  the  second  side  is  the  commencement. 

« 

10.  Find  the  coeflScient  of  as"  in  the  development  of 

a  +  hx  +  csc^ 
e 

11.  Shew  that 

^^^•^  =  ^■^1:2:3 -^ 37175  •^sTeTT-' 

12.  Shew  that 
-n(n-ir»  +  ^^^^(w-2r'- 


n 


(n     n(n-\)\  ,       « 


XL.     CONYERGENCY  AND  DIYERGENCY  OP  SERIES. 
553.     The  expression 


in  which  the  successive  terms  are  formed  by  some  regular  law, 
and  the  number  of  the  terms  is  unlimited^  is  called  an  vnJmUe 
series. 


LJkcd 
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554.  An  infinite  series  is  said  to  be  convergent  when  the  sum 
of  the  first  n  terms  cannot  numerically  exceed  some  finite  quan- 
tity however  great  n  may  be. 

555.  AxL  infinite  series  is  said  to  be  divergent  when  the  sum 
of  the  first  n  terms  can  be  made  numerically  greater  than  any 
finite  quantity,  by  taking  n  large  enough. 

556.  By  the  sum  of  an  infinite  series  is  meant  the  limit 
towards  which  we  approximate  by  continually  adding  more  and 
more  of  its  terms. 

For  example^  consider  the  infinite  series 

1  +x-hx*+ , 

and  suppose  x  a  positive  quantity. 

We  know  that 

1  — OJ" 
l-hx-i-x"-^ -l.iC»-*=- . 

l-x 
Hence  if  a;  be  less  than  1,  however  great  n  may  be,  the  sum 

of  the  first  n  terms  of  the  series  is  less  than  •= :  the  series  is 

1—x 

therefore  convergent.     And  as  by  taking  n  large  enough,  the  sum 

of  the  first  n  terms  can  be  made  to  difier  from  •; by  as  small 

1  ~aj    '' 

a  quantity  as  we  please,  ^j » is  the  sum  of  the  infinite  series. 

1  —a; 

K  a;=l,  the  series  is  divergent;  for  the  sum  of  the  first  n 
terms  is  n,  and  by  taking  sufficient  terms  this  may  be  made 
greater  ttan  any  finite  quantity. 

If  a;  is  greater  than  1,  the  series  is  divergent;  for  the  sum 

.    aj"  —  1 
of  the  first  n  terms  is  =- ,  which  may  be  made  greater  than 

X  "~"  X 

any  finite  quantity  by  taking  n  large  enough. 

557.  An  infmite  series  in  which  all  the  terms  are  of  the  same 
sign  is  divergent  if  each  term  is  greater  than  some  assigned  finite 
quantity,  however  smaU, 

T.  A.  22 
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For  if  each  term  is  greater  than  the  quantity  c,  the  sum  of  the 
£r8t  n  terms  is  greater  than  ne^  and  this  can  bjB  made  greater  than 
any  finite  quantity  by  takii^g  n  large  enough. 

558.  An  infinite  series  of  terms,  the  signs  of  which  are  alter- 
nately positive  o/nd  negiitive^  is  convergent  if  each  term  he  nv/meri- 
colli/  less  than  the  preceding  term. 

Let  the  series  be  w,  —  i^^,  +  t^g  —  w^  +  .... ;  this  may  be  written 

(«,-w,)+(w3-w,)  +  (w,— w,)+ , 

and  also  thus, 

^^i-K-^J-K-^J-K-^t)- 

From  the  first  mode  of  writing  the  series  we  see  that  the  sum 
of  any  number  of  terms  is  a- positive  quantity,  and  from  the 
second  mode  of  writing  the  series  we  see  that  the  sum  of  any 
number  of  terms  is  less  than  u^^ ;  hence  the  series  is  convergent. 

It  is  necessary  to  shew  in  this  case  that  the  sum  of  any 
number  of  terms  is  positive;  because  if  we  only  know  that  the 
sum  is  less  than  u^y  we  are  not  certain  that  it  is  not  a  negative 
quantity  of  imlimited  magnitude. 

559.  An  infinite  series  is  convergent  if  from  and  after  any 
fixed  term  the  ratio  of  each  term  to  the  preceding  term  is  numeri- 
cally less  than  some  quantity  which  is  itself  numerically  less  tham 
unity. 

Let  the  serie?  beginning  at  the  fixed  term  be 


Wj  +  Wj,  +  W3  + 


and  let  S  denote  the  sum  of  the  first  n  of  these  terms.     Then 

S=u.  +w_  +  w_+ -{-u 

A  a  o  II 


fl    .  "^fl   .    "^a  ^11       ^4  ^«  ^«  1 


iNow  first  let  all  the  terms  be  positive,  and  suppose 
-*  less  than  k,       -?  less  than  k,      — *  less  than  k. 
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Then  S  is  less  than  u^{l  +  k-^Ii?  + 4-^"^};  that  is,  less 

than  tfc,  ^j — j^.      Hence  if  Aj  be  less  than  unity,  S  is  less  than 

Y~^  l   thus  the  sum  of  as  many  terms  as  we  please  beginning 

with  u^  is  less  than  a  certain  finite  quantity,  and  therefore  the 
series  beginning  with  u^  is  convergent. 

Secondly,  suppose  the  terms  not  all  positive;  then  if  they  are 
all  negative,  the  numerical  value  of  the  sum  of  any  number  of 
them  is  the  same  as  if  they  were  all  positive  j  if  some  are  positive 
and  some  negative,  the  sum  is  numerically  less  than  if  they  were 
all  positive.     Hence  the  infinite  series  is  still  convergent. 

Since  the  infinite  series  beginning  with  u^  is  convergent,  the 
infinite  series  which  begins  with  any  fixed  term  before  w,  will  be 
also  convergent;  for  we  shall  thus  only  have  to  add  a  JinUe 
number  of  finite  teims  to  the  series  beginning  with  u^. 

660.  An  infinite  series  is  diverg&nt  if  from  cmd  after  ct/ny 
fixed  term  ike  ratio  of  each  term  to  the  preceding  term  is  greater 
than  unity f  or  eqwd  to  unity ^  and  the  terms  are  all  of  the  same  sign. 

Let  the  series  beginning  at  the  fixed  tertn  be 

and  let  S  denote  the  sum  of  the  first  n  of  these  terms.     Then 

<S  =  w, +  Wg  +  t^3+ +u^ 

H        «*i       «^a  ^1      ^8  ^«  ^1  J 

Now,  first  suppose 
-^  greater  than  1,     -^  greater  than  1,      -*  greater  than  1, 

Wj  Wg  W3 

Then   S  is  numerically  greater  than  Wj{l+1  + +1}, 

that  is,  numerically  greater  than  nu^.  Hence  S  may  be  made 
numerically  greater  than  any  finite  quantity  by  taking  n  large 
enough,  and  therefore  the  series  beginnisg  with  u^  is  divergent. 

22—2 
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Next,  ntppote  the  latio  of  each  term  to  the  preceding  to  be 
unity;  then  S=  nu^,  and  this  maj  be  made  greater  than  anj  finite 
quantity  hj  taking  n  large  enough. 

And  if  we  b^^  with  any  fixed  tain  befinre  u^  the  aeries  will 
obyionsly  still  be  divergent. 

561.  The  rules  in  the  preceding  artideB  will  determine  in 
many  cases  whether  an  infinite  smes  is  conyergent  or  divergent. 
There  is  one  case  in  which  they  do  not  apply  which  it  is  desirable 
to  notice,  namely,  when  the  ratio  of  each  term  to  the  preceding  is 
less  than  unity,  but  continually  approaching  unity,  so  that  we 
cannot  name  any  finite  quantity  k  which  is  less  than  unity,  and 
yet  always  greater  than  this  ratio.  In  such  a  case,  as  will  appear 
from  the  example  in  the  following  article,  the  series  may  be  con-. 
Tcrgent  or  divergent. 

562,  Consider  the  infinite  series 

1111 

_«  J 4. j_  _  4. 

y     2^     y    4^    


Here  the  ratio  of  the  «***   term  to  the  (n— 1)"*   term  is 

(n—  IV 
J  ;  if  ^  be  positive,  this  is  less  than  unity,  but  continually 

approaches  to  unity  as  n  increasea  This  case  then  cannot  be 
tested  by  any  of  the  rules  already  given;  we  shall  however  prove 
that  the  series  is  convergent  if  jp  be  greater  than  unity,  and 
divergent  if  p  be  unity,  or  less  than  unity, 

I.     Suppo^Q.;?  greater  than  unity. 

The  first  term  of  the  series  is  1,  the  next  two  terms  are  tosre- 

2 
ther  less  than  ^,   the  following  four  terms  are  together  less 

4  .         .  8 

than    -f   the  following  eight  terms  are  together  less  than^, 

and  so  on.     Hence  the  whole  series  is  less  than 

,     2      4'    8 

1h A —  + 1- 

2'     ^     ^    
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that  is,  less  than 


1  +  a;  +  ic*  4- 05" + 


,  2         .  . 

"where  a  =  — .     Since  p  is  greater  than  unity,  x  is  less  than 

unity;  hence  the  series  is  convergent. 

IL     Suppose  p  equal  to  unity, 

1111 

The  series  is  now  1+s+o+t  +  f+ 

2      o      4     0 

The  first  term  is  1,  the  second  term  is  ^ ,  the  next  two  terms 

2       1 

are  together  greater  than  j  or  ^,  the  following  four  terms  are 

4:  Ik 

4       1 
tbgether  greater  than  «  or  ^,  and  so  on.    Hence  by  taking  a 

suf&cient  number  of  terms  we  can  obtain  a  sum  greater  than 

any  finite  multiple  of  ^ ;  the  series  is  therefore  divergent. 

III.     Suppose  p  less  than  unity  or  negative. 

Each  term  is  now  greater  than  the  corresponding  term  in  II. ; 
the  series  is  therefore  a  fortiori  divergent* 

563.  "We  will  now  give  a  general  theorem  which  can  be 
proved  in  the  manner  exemplified  in  the  preceding  article.  If 
^  (oj)  be  positive  for  all  positive  integral  values  of  a?,  and  continually 
diminish  M  X  increases,  and  m  be  any  positive  integer,  then  the 
two  infinite  series 

«^(l)  +  «^(2)  +  «^(3)  +  «^(4)  +  <^(5)+ 

and  <^  (1)  +  m<^  (w)  +  w"<^  (m*)  +  m*0  (w®)  + 

are  both  convergent  or  both  divergent. 

Consider  all  the  terms  of  the  first  series  comprised  between 
^(m*)  and  <^(m*"*"*),  includiog  the  last  and  excluding  the  first,  k 
being  any  positive  integer;  the  number  of  these  terms  ism*^*— m*, 
and  their  sum  is  therefore  greater  than  w*  (m  —  1)  <^  (m'"'"*).  Thus 
all  the  first  series  beginning  with  the  term  <^(«i*+l)  will  be 
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greater  than times  the  second  series  beginning  with  the 

term  m*^*  ^  (tu*"^*).    Thus  if  the  second  series  be  divergent,  so  also 
is  the  first. 

Again,  the  terms  selected  from  the  first  series  are  less  than 
w*(w— 1)  ^(m*).  Thus  all  the  first  series  beginning  with  the 
term  <l)  (m*  +1)  will  be  less  than  m—l  times  the  second  series 
beginning  with  m^<l>(m^).  Thus  if  the  second  series  be  con- 
vergent, so  also  is  the  first. 

As  an  example  of  the  use  of  this  theorem  we  may  take  the 
following;  ths  series  of  which  the  general  term  is  —r= ^  is  con- 
vergent if  p  he  greater  than  v/nity,  and  divergent  if  "p  be  equal  to 
unity  or  less  than  unity.  By  the  theorem  the  proposed  series  is 
convergent  or  divergent  according  as  the  series  of  which  the 


m* 


general  term  is  —;^, ;^  is  convergent  or  divergent;  the  latter 

general  term  is  -^ r^-r,  so  that  it  bears  a  constant  ratio  to  the 

(log  my  TV 

general  term  —  for  all  values  of  n.     Hence  the  required  result 

follows  by  Art  bQ2, 

6^L    The  series  obtained  by  expanding  (1  +a?)*  by  the  bino- 
mial theorem  is  convergent  if  x  be  less  than  unity. 

7i  ~~  9*  "I"  1 

For  the  ratio  of  the  (r  + 1)*^  term  to  the  r^  is x;  now 

when  r  is  greater  than  Wj  the  factor   is  numerically 

less  than  unity,  though  it  continually  approaches  to  unity.     If 

9^ 7*  +  1 

then  X  be  less  than  unity,  the  product x  wil],  when  r  is 

greater  than  n,  be  always  numerically  less  than  a  quantity  whidi 
is  itself  numerically  less  than  unity.  Hence  the  series  is  ooa* 
vergent,     (Art.  569.) 
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565.     The  series  obtained  by  expanding  log  (1  +  a?)  in  powers 
of  a;  is  convergent  if  a?  be  less  than  unity. 

For  the  ratio  of  the  (r  +  1)***  term  to  the  y***  is ir-    I^  then 

^        '  r+ 1 

X  be  less  than  nnity,  this  ratio  is  always  numerically  less  than  a 

quantity  which  is  itself  numerically  less  than  unity.     Hence  the 

series  is  convergent.     (Art.  559.) 

5m.    The  series  obtained  by .  iexpanding  cT  in  powers  of  ar 
is  always  convergent. 

For  the  ratio  of  the  (r^-Xf  term  to  the  r*  is  ^  ^^ .     Wliat. 

ever  be  the  value  of  ^r,  we  can  take  t  so  large  that  this  ratio  shall 
be  less  than  unity,  and  the  ratio  will  diminish  as  r  increases. 
Hence  the  series  is  always  convergent.     (Art  559.) 

/ 

EXAMPLES   OF  CONVEBGENOY  AND  BIVEBGENCY  OF  SEBIES. 

Examine  whether  the  following  tea  series  are  conveigent  or 
divergent : 

a  a*  a* 

1.     + S-+ S-+ 

m+p     m-i-  jip     m  +  op 

oil  1 

x{x  +  a)     (a;  +  2a)  (x  +  ^a)     {x  +  4a)  {x  +  6a) 

«      Z       6(11?     lof     9a;*  2»+l    . 

^'     2         5        10      17      w*+l  

.     m-^-p     m-\-2p     m+3p 
a  a'  a 

5.  (a+l)*+(a  +  2)»aj  +  (a  +  3)"aj*+ 

6.  l«  +  2'a;  +  3V +...... 

7      1  1  1  1 

^'     2"*"  1  +  ^2'^  1  +  ^3"^  1  +  ^4"*^ 
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1+a^     l+«*     1  +  SB* 

1111 

p**"  3?"*"  5?"*"  7?  **" 


10.     l"  +  2»a;+3V  + 


11,  Suppose  tliat  iu  the  series  w^+  t^j + w,+  w,  + each  term 

is  less  than  the  preceding;  then  shew  that  this  series  and  the  series 

«p  +  2Wj  4-  2'w,  +  2Vy  +  2*Wj J  + are  convergent  and  diyergent 

together. 

12.  Shew  that  the  series 

,12      3 

1  + K  —  +  —  +..   ... 

2"     3"     4"     


1 

is  convergent  if  ti  be  greater  than  2^  and  divergent  if  n  be  less 
than  2  or  equal  to  2. 


XLI.    INTEREST. 

567.  Interest  is  money  paid  for  the  use  of  money.  The  sum 
lent  is  called  the  Principal.  The  Amount  is  the  sum  of  the 
Principal  and  Interest  at  the  end  of  any  time. 

568.  Interest  is  of  two  kinds,  simple  and  compound.  When 
interest  of  the  Principal  alone  is  taken  it  is  called  simple  interest; 
but  if  the  interest  as  soon  as  it  becomes  due  is  added  to  the 
principal  and  interest  charged  upon  the  whole,  it  is  called  com- 
povmd  interest,' 

569.  The  ra/te  of  interest  is  the  money  paid  for  the  use  of  a 
certain  sum  for  a  certain  time.  In  practice  the  sum  is  usually 
J^lOO  and  the  time  one  year;  and  when  we  say  that  the  rate  of 
interest  is  £4.  6^.  8d  per  cent.,  we  mean  that  £L  6^.  8a.,  that  is, 
£A\j  is  due  for  the  use  of  £100  for  one  year.  In  theory  it  is 
convenient,  as  we  shall  see,  to  use  a  symbol  to  denote  the  interest 
of  ons  pound  for  one  year. 
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670.     Tojmd  the  amount  of  a  given  sum  in  any  time  at  svmjpls 
interest 

Let    P  be  the  principal  in  pounds. 

n  the  number  of  years  for  which  interest  is  taken. 

r  the  interest  of  one  pound  for  one  year. 

M  the  amount. 

Since  r  is  the  interest  of  one  pound  for  one  year,  Pr  is  th« 
interest  of  P  pounds  for  one  year,  and  therefore  nFr  the  interest 
of  F  pounds  for  n  years; 
therefore  '         MssF  +  Fnr, 

From  this  equation  if  any  three  of  the  four  quantities  M,  P, 
n,  r  are  given,  the  fourth  can  be  found;  thus 

M  M-F  M-F 


n  =  — r: — ,        r  = 


l+nr'  Fr    '  Fn    ' 

571.  To  find  the  amount  of  a  given  sum  in  any  time  at  com- 
pound interest. 

Let  F  denote  the  amount  of  one  pound  in  one  year,  so  that 
jR=  1  +r,  then  FF  is  the  amount  of  P  in  one  year;  the  amount 
oiFR  in  one  year  is  FRR  or  PjB',  which  is  therefore  the  amount 
of  P  in  two  years  at  compound  interest.  Similarly  the  amount 
of  PjB'  in  one  year  is  F^,  which  is  therefore  the  amount  of  P 
in  three  years.  Proceeding  thus  we  find  that  the  amount  of  P  in 
n  years  is  PjR"; 

therefore  M^FFT. 

Hence         P  =  -g„    n=^        ^^^^       ,     ^=[fJ' 
The  interest  gained  in  n  years  is  if — P  or  P  (F"  —  1). 

572.  Next  suppose  interest  is  due  more  frequently  than  once 
a  year;  for  example,  suppose  interest  to  be  due  every  quarter, 

T 

and  let  j  be  the  interest  of  one  pound  for  one  quarter.     Then,  at 
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compound  interest,  the  amount  of  P  in n  years  is  P  f  1  +2)  i 
fotr  the  amonnt  is  obvionslj  the  same  as  if  the  number  of  years 
were  4»,  and  -j  the  interest  of  one  pound  for  one  year.  Simi- 
larly, at  compound  interest,  if  interest  be  due  q  times  a  year,  and 
the  interest  of  one  pound  be  -  for  each  interval,  the  amount  of 


P  in  n  years  is  P  (1  +  -  j 


At  simple  interest  the  amount  will  be  the  same  in  the  cases 
supposed  as  if  the  interest  were  payable  yearly,  r  being  the  inter- 
est of  one  pound  for  one  year. 

573.  The  formulae  of  the  preceding  articles  have  been  ob- 
tained on  the  supposition  that  n  ia  an  integer;  we  may  therefore 
ask  whether  they  are  true  when  n  is  not  an  integer.     Suppose 

1  .  1  . 

w  =s  «n-  -,  where  m  is  an  integer  and  -  a  proper  fraction.     At 

fA  fA 

simple  interest  the  interest  of  P  for  m  years  is  Pmr;  and  if  the 

borrower  has  agreed  to  pay  for  ant/  fraction  of  a  year  the  same 

Pr 
fraction  of  the  annual  interest,  then  —  is  the  interest  of  P  for 

©th  p^ 

of  a  year;   hence  the  whole  interest  is  Pmr  +  — ,  that  is, 

Pmr,  and  the  formula  for  the  amount  holds  when  n  is  not  an 
integer.  Next  consider  the  case  of  compound  interest;  the 
amount  of  P  in  m  years  will  be  P-R";  if  for  the  fraction  of  a  year 
interest  is  due  in  the  same  way  as  before,  the  interest  of  PB^  for 

( -  j  of  a  year  is ,  and  the  whole  amount  is  PPT  ( 1  +  -J. 

On  this  supposition  then  the  'formula  is  not  true  when  n  is  not 
an  integer.     To  make  the  formula  true  the  agreement  must  be 

that  the  amount  of  one  pound  at  the  end  of  f -J  of  a  year 
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shall  be  (1  +r)'*,  and  therefore  the  interest  for  (~j  of  a  year 

(l+r)i*  — 1.  This  supposition  though  not  made  in  practice  is 
often  made  in  theory,  in  order  that  the  formulae  may  hold  uni- 
versally. 

Similarly  if  interest  is  payable  q  times  a  yeai*  the  amount  of 

P  in  w  years  is  P  [1  +  -  j  ,  by  Art  572,  if  w  be  an  integer;  and 

it  is  assumed  in  theory  that  this  result  holds  if  t^  be  not  an 
integer. 

574.  The  amount  of  F  in  n  years  when  the  interest  is  paid 

q  times  a  year  is  P  [1  +-)  ,  by  Art.  572;  if  we  suppose  q  to 

increase  without  limit,  this  becomes  Pc"'  (Art.  552),  which  will 
therefore  be  the  amount  when  the  interest  is  due  every  moment. 

575.  The  Present  value  of  an  amount  due  at  the  end  of  a 
given  time  is  that  sum  which  with  its  interest  for  the  given  time 
will  be  equal  to  the  amount.  That  is,  (Art.  567),  the  Principal  is 
the  present  value  of  the  amount. 

576.  Discount  is  an  allowance  made  for  the  payment  of  a 
sum  of  money  before  it  is  due. 

From  the  definition  of  present  value,  it  follows  that  a  debt  due 
at  some  future  period  is  equitably  discharged  by  paying  the 
present  value  at  once;  hence  the  discount  will  be  equal  to  the 
amount  due  diminished  by  its  present  value. 

577.  To  find  the  present  value  of  a  stem  dus  at  the  end  of 
a  given  time  and  the  discownt. 

Let  P  be  the  present  value,  M  the  amount,  D  the  discount, 
r  the  interest  of  one  pound  for  one  year,  n  the  number  of  years, 
J?  the  amount  of  one  pound  in  one  year. 

At  simple  interest : 

Jf=P(l+wr),  (Art.  570); 
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M 


therefore  P  = 


Mnr 


J)^M--F^ 


1  -vnr* 
At  compound  interest : 

M^PBT,  (Art.  571); 
M 


therefore  P  =  -^^ , 


D=:M--P  = 


Br 


578.     In  practice  it  is  very  common  to  allow  the  interest  of  a 
sum  of  money  paid  before  it  is  due,  instead  of  the  discount  as  here 

defined.     Thus  at   simple  interest,  instead  of  = the  payer 

would  be  allowed  Mn/r  for  immediate  payment. 


EXAMPLES   OF  I19TEBEST. 

1.  Shew  that  the  discount  is  half  the  harmonic  mean  between 
the  sum  due  and  the  interest  on  it. 

2.  The  interest  on  a  certain  sum  of  money  is  XI 80,  and  the 
discount  on  the  same  sum  for  the  same  time  and  at  the  same  rate 
is  £150;  find  the  sum. 

3.  If  the  interest  on  JIA  for  a  year  be  equal  to  the  discount 
on  £B  for  the  same  time,  find  the  rate  of  interest. 

4.  If  a  sum  of  money  doubles  itself  in  40  years  at  simple 
interest,  what  is  the  rate  of  interest? 

5.  A  tradesman  marks  his  goods  with  two  prices,  one  for 
ready  money,  and  the  other  for  a  credit  of  6  months;  what  ratio 
ought  the  two  prices  to  bear  to  each  other,  allowing  5  per  cent, 
simple  interest? 
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6.  Find  in  how  many  years  ^100  will  become  £1060  at 
5  per  cent,  compound  interest;  having  given. 

logl4  =  l-U613,    log  15  =  1-17609,    log  16  =  1-20412. 

7.  Find  how  many  years  will  elapse  before  a  sum  of  money 
trebles  itself  at  3^  per  cent,  compound  interest;  having  given. 

log  10350  =  4-01494,  log  3  =  -47712. 

8.  If  a  sum  of  money  at  a  given  rate  of  compound  interest 
accumulate  to  p  times  its  original  value  in  m  years,  and  to  q 
times  its  original  value  in  n  years,  prove  that 

n  =  m  logp  q. 

XLIL     EQUATION  OF  PAYMENTS. 

579.  When  different  sums  of  money  are  due  from  one  person 
to  another  at  different;  times,  we  may  be  required  to  find  the  time 
at  which  they  may  all  be  paid  together,  so  that  neither  lender 
nor  borrower  may  lose.  The  time  so  found  is  called  the  eguaied 
tyme, 

580.  To  find  the  equated  time  of  payrmrvt  of  two  sums  due  at 
different  tim£s  supposing  simple  interest. 

Let  Pj,  P,  be  the  two  sums  due  at  the  end  of  times  <,,  t^ 
respectively;  suppose  t^  greater  than  t^;  let  r  be  the  interest  of 
one  pound  for  one  year,  x  the  equated  time. 

The  condition  of  fairness  to  both  parties  may  be  secured  by 
supposing  that  the  discount  allowed  for  the  sum  paid  before  it  is 
due  is  equal  to  the  interest  charged  on  the  sum  not  paid  until 
after  it  is  due. 


The  discoimt  on  F^  for  t^  —  x  yeai-s  is  ..  '^' ^ 

•      1  +  \t^  —  X) 

the  interest  on  P,  for  x^t^  years  is  P,  {x  -t^r; 

therefore  /'?!'""  r"  =  -^i  («  -  ^)- 

l  +  {t^-x)r       *^        *' 


r 


350  EQUATION  OP  PAYMENTS. 

This  will  give  a  quadratic  equation  in  Xy  namelj, 

that  root  must  be  taken  which  lies  between  t,  and  ^. 

1  s 

581.     Another  method  of  solving  the  question  of  the  preced- 
ing article  is  as  follows : 

P 

The  present  yalue  of  P^  due  at  the  end  of  t^  years  is  -j — ^—  ; 

p 
the  present  value  of  P„  due  at  the  end  of  t,  years  is  ^ — *—  : 
^  *  ■  L-k-t^r' 

P  ■{■  P 

the  present  value  of  P  +P  due  at  the  end  of  x  years  is  -z^ ~  • 

1  +  scr 

Hence  we  may  propose  to  find  the  equated  time  of  payment, 
X,  from  the  equation 


l  +  t^r     l-^t^r       l+XT  ' 

582.  If  such  a  question  did  occur  in  practice  however  the 
method  would  probably  be  to  proceed  as  in  the  first  solution,  with 
this  exception,  that  the  lender  would  allow  interest  instead  of  dis- 
count on  the  sum  paid  before  it  was  due;  thus  we  should  find  x 
from 

P,{t^^x)r=P^{x^t;)T', 

therefore  (P^  +  PJ  «  =  P^t^  +  Pj^^. 

In  this  case  the  interest  on  P^  +  P^  for  x  years  is  equal  to  the 
sum  of  the  interests  of  P^  and  P^  for  the  times  t^  and  t^  respect- 
ively; this  follows  if  we  multiply  both  sides  of  the  last  equation 
by  r.  This  rule  is  more  advantageous  to  the  borrower  than  that 
in  Art.  580,  for  the  interest  on  a  given  amount  is  greater  than  the 
discount.     See  Art.  577. 

583.  Suppose  there  are  several  sums  Pj,  P^,  P^^ due  at 

the  end  of  times  t^,  t^,  t^, respectively,  and  the  equated  time 

ofpayment  is  required. 
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The  first  method  of  solution  (Art.  580)  becomes  very  compli- 
cated in  this  case,  and  we  shall  therefore  omit  it. 

The  second  method  (Art,  581)  gives  for  determining  the 
equated  time  Xy 


If  we  denote  the  sum  of  the  terms 

P  P  P  P 


l  +  e^r     l  +  t^r     \-¥t^r     ^       \  +  tr' 

and  the  sum  of  the  terms 

p,+p,+i'.+ hj%p, 

we  may  write  the  above  result  thus, 

W+trJ      1  +  xT 
The  third  method  (Art.  582),  gives  . 

x{P,^p,+p,+ )=^A+^A+^3«8+ ; 

which  may  be  .vjitten  x%P  =  ^Pt. 

584.  Equation  of  'paymenU  is  a  subject  of  no  practical  im- 
portance, and  seems  retained  in  books  chiefiy  on  account  of  the 
apparent  paradox  of  different  methods  occurring  which  may 
appear  equally  fair,  but  which  lead  to  different  results.  We 
refer  the  student  for  more  information  on  the  question  to  the 
article  Discount  in  the  English  Gyclopcedia,  We  may  observe, 
however,  that  the  difficulty;  if  such  it  be,  arises  from  the  fact  that 
simple  interest  is  almost  a  fiction ;  the  moment  any  sum  of  money 
is  due,  it  matters  not  whether  it  is  called  principal  or  interest,  it 
M  of  equal  value  to  the  owner;  and  thus  if  the  interest  on  bor- 
rowed money  is  retained  by  the  borrower,  it  ought  in  justice  to 
the  lender,  to  be  imited  to  the  principal,  and  charged  with  in* 
terest  afterwards, 

585.  If  compound  interest  be  allowed,  the  solutions  in 
Arts.  580  and  581  will  give  the  same  result. 
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For  the  solution  accordiDg  to  Art.  580  will  be  as  follows : 

the  discount  on  P^  for  t^  —  x  years  \a  P^ll  —  -nrr* ) » 

the  interest  on  P^  for  x  —  t^  years  is  P^  (^"*»  —  1) ; 

therefore  P.  (l  -  -g^)  =  P,  (BT'*^  -  1). 

Prom  this  equation  x  must  be  found;  by  transposition  we 
shall  see  that  this  is  the  same  equation  as  would  be  obtained  by 
the  method  of  Art.  581;  for  we  obtain 

^   ,  p,+p.  p.   p. 

therefore  _i^=_^+^, 

which  shews  that  x  is  such  that  the  present  value  of  P^  +  P^ 
due  at  the  end  of  x  years  is  equal  to  the  sum  of  the  present 
values  of  P^  and  P^  due  at  the  end  of  t^  and  t^  years  respectively. 

586.  If  there  be  different  sums  Pj,  P^,  P^, due  at  the 

end  of  ^,,  t^j  t^, years   respectively,  the  equated  time  of 

payment,  x,  allowing  compound  interest,  may  be  fo\md  from 

A-^-P.^-P^-*- _-P.    ,A    ,^, 

which  may  be  written 

587.  We  have  said  in  Art  580,  that  we  must  take  that  root 
of  the  quadratic  equation  which  lies  between  t^  and  «,;  we  will 
now  prove  that  there  will  in  fact  be  always  one  root^  and  only 
one,  between  t^  and  t^ 

We  have  to  shew  that  the  eguaiion 
has  one  root,  and  only,  one,  lying  between  t^  and  t^ 
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The  expression 

is  obviously  positive  when  x  =  t^.  If  this  expression  is  arranged 
in  the  form  aaf  +  hx  +  c/ the  coefficient' a  is  negative,  being  —  P  r; 
hence  t^  must  lie  between  the  roots  of  the  equation  hy  Art.  339 ; 
that  is,  one  root  is  greater  than  t^  and  one  root  less  than  f^.  It  is 
obvious  too  that  no  value  of  a?  less  than  t^  can  make  the  expression 
vanish,  so  there  cannot  be  a  root  of  the  equation  less  than  t  ; 
there  must  then  be  one  root  between  t^  and  t^,  and  one  root  greater 
than  t^, 

1 
It  may  be  remarked  that  the  value  x  =  t„  +  -  also  makes  the 

'    r 

expression  positive,  and  so  the  root  which  is  greater  than  t^  must 
by  Art.  339  be  greater  than  ^^  +  -  • 


MISCELLANEOUS   EXAMPLES. 

1.  Find  the  equated  time  of  payment  of  two  sums,  one  of 
X400  due  two  years  hence,  the  other  of  .£2100  due  eight  years 
hence,  at  5  per  cent.    (Art.  580.) 

2.  Find  the  equated  time  of  payment  of  two  sums,  one  of 
^20  due  at  the  present  date,  the  other  of  £16.  os.  due  270  days 
hence,  the  rate  of  interest  being  twopence-halfpenny  per  hundred 
pounds  per  day.     (Art.  580.) 

3.  Fiud  the  equated  time  of  paying  two  sums  of  money  due 
at  different  epochs,  interest  being  supposed  due  every  moment. 

4.  A  sum  of  money  is  left  by  will  to  be  divided  into  three 
parts  such  that  their  amounts  at  compound  interest,  in  a,  &,  o 
years  respectively,  shall  be  equal ;  determine  the  parts. 

5.  If  a  and  n  be  positive  integers,  the  integral  part  of 
{a  +  n/(*'-  1)}"  is  0^^ 

6.  If  a  and  n  be  positive  integers,  the  integral  part  of 
{^(a*  +  1)  +  a}"  is  odd  when  n  is  even,  and  even  when  n  is  odd. 

T.  A.  23 
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7.  Shew  that  the  remainder  after  n  terms  of  the  expansion  of 
[ j  in  a  series  of  ascending  powers  of  x  is 

1r^  •     {a+xy    • 

8.  If  «/r(w,r)  =  n(n-l)(»-  2)  ...  (n-r+1),  shew  that 
^(n^r)  =  ^(ri-2,  r)  +  2r^(w-2,  r-l)  +  r(r- l)^(7i-2,  r-2). 

9.  If  ^(«,  r)="<"-^>  ..^-r-H)  ^  ^^^  ^^ 

<t>{n,  w)=:^(n-wi  +  l,  l)  +  <^(w-l,  1)  ^(n-m  +  l,  2) 

+  ^(m-l,  2)  <^(7i-m+l,  3)+ 

10.  With  the  same  notation  shew  that 

o-(a+)8)i^(w,  l)  +  (a  +  2j8)i^(w,  2) -  (a  +  3)3)  <^ (w,  3)  + 

+  (-l)"(a  +  w)3)i^(w,  n)=0. 

11.  If  8  be  the  sura  of  n  terms  of  a  geometric  progression 
whose  first  term  is  a  and  common  ratio  1  +a;,  where  x  is  very 
small,  shew  that 

n  =  -  •!  1  —  ^ — ^— ^  r  approximately. 

12.  If  a  quantity  change  continuously  in  value  from  a  to  ( 

in  a  given  time  t^,  the  increase  at  any  instant  bearing  a  constant 

ratio  to  its  value  at  that  instant,  prove  that  its  value  at  any  time 

t 


«  wiU  be  a  (^\     (Art.  574.) 


XLIII.    ANNUITIES. 

588.  To  Jind  the  amoutU  of  cm  warvwUy  Uft  unpaid  for  any 
number  of  yea/rsy  allowing  simple  interest  upon  each  sum  from  the 
time  it  becomes  dti£. 

Let  A  be  the  annuity,  n  the  number  of  years,  r  the  interest  of 
one  pound  for  one  year,  M  the  amount. 
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At  the  end  of  the  first  year  A  becomes  due,  and  at  the  end  of 
the  second  year  the  interest  of  the  first  annuity  is  r^i;  at  the  end 
of  this  year  the  principal  becomes  2Af  therefore  the  interest  due 
at  the  end  of  the  third  year  is  2rA;  in  the  same  way  the  interest 
due  at  the  end  of  the  fourth  year  is  drA;  and  so  on;  hence  the 
whole  interest  is 

rii  +  2r-4  +  3r-4+ +(n-l)r-4; 

.,    .  .  n(n—l)rA     ,*    .    itrtv 

that  is,  — ^ — K-^ — ,  (Art  459), 

and  the  sum  of  the  annuities  is  n^i ; 
therefore  MsznA  +  — ^o — -  tA, 

589.  To  find  the  present  value  of  cm  amnmly^  to  conUrme  for 
a  certain  number  ofyea/rsy  allowing  simple  interest. 

Let  F  denote  the  present  value ;  then  P  with  its  interest  for 
n  years  should  be  equal  to  the  amount  of  the  annuity  in  the  same 
time;  that  is, 

therefore  p^nA^\nKn-\)TA  ^ 

\-\-nr 

590.  Another  method  has  been  proposed  for  solving  the 
question  in  the  preceding  article. 

The  present  value  of  A  due  at  the  end  of  1  year  is , 

(Art.  577);  the  present  value  of  A  due  at  the  end  of  2  years  is 

A  A 

- — —  ;  the  present  value  of  A  due  at  the  end  of  3  years  is  = — r- , 

and  so  on ;  the  present  value  of  the  annuity  for  n  years  should 
be  equal  to  the  sum  of  the  present  values  of  the  different  payments : 
hence 

(1+r     l  +  2r     lH-3r  1+wrj 

-23— ?.  • 


J       *      e 
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591.  Some  writers  on  Algebra  have  adopted  the  solution 
given  in  Art  589,  and  others  that  in  Art.  590 ;  we  have  already 
intimated  in  a  similar  case  (Art.  584),  that  the  solution  of  such 
questions  by  simple  interest  must  be  unsatisfactory.  The  student 
may  consult  on  this  point  Wood's  Algebra,  the  Treatise  on  Arithr 
metic  and  Algebra  in  the  Library  of  Useful  Knowledge,  p.  102; 
Jones  on  the  Value  of  Annuities  and  R&versionary  Payments^ 
Yol.  I.  p.  9  j  and  the  article  Discount  in  the  English  Gyclopcedia. 

592.  The  formulsB  in  Ai-ts.  589  and  590  make  the  value  of  a 

perpetual  annuity  infinite.     For  the  value  of  P  in  Art.  589  may 

be  written 

A->r^{n-\)rA 

5  ; 

-  +  r 
n 

when  n  is  infinite  the  denominator  of  this  expression  becomes  r, 
and  the  numerator  becomes  infinite;  thus  P  is  infinite.  The 
series  given  for  P  in  Art.  590  also  becomes  infinite  when  n 
is  infinite. 

This  result  is  another  indication  that  the  value  of  annuities 
should  be  estimated  in  a  different  way.  We  proceed  to  the 
supposition  of  compound  interest. 

593.  To  find  the.  a/mount  of  an  annuity  left  unpaid  for  way 
number  ofyea/rs,  allowing  compound  interest. 

Let  A  be  the  annuity,  n  the  number  of  years,  E  the  amount 
of  one  pound  in  one  year,  M  the  required  amount. 

At  the  end  of  the  first  year  A  is  due;  at  the  end  of  the 
second  year  PA  is  the  amount  of  the  first  annuity,  hence  the 
whole  sum  due  at  the  end  of  the  second  year  is  PA  +  A,  that  is, 
(R+l)A'y  similarly  at  the  end  of  the  third  year  the  whole  sum  due 
i3  P (R+l)A-hA,  that  is,  (I^ + P -h  1)  A ;  and  so  on;  hence  the 
whole  sum  due  at  the  end  of  n  years  is 

(i?-'  +  it*-'+ +l)ii; 

thus  i/=-J5 :r-A. 
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594,  To  find  the  present  valiie  of  cm  annuity^  to  eontimie/or 
a  certain  number  o/yea/rs,  aUovnng  compound  interest 

Let  jP  denote  the  present  value;  then  the  amount  of  F  in 
n  years  should  be  equal  to  the  amount  of  the  annuity  in  the 
same  time;  that  is, 

therefore  i>  =  lz^^=  izOllT  ^. 

jR—  1  r 

595.  We  may  also  solve  the  question  of  the  preceding  article 

by  supposing  F  equal  to  the  sum  of  the  present  values  of  the 

different  payments. 

A 
The  present  value  of  A  due  at  the  end  of  1  year  is  -p , 

•  •  > 
the  present  value  of -4  due  at  the  end  of  2  years  is  -^ ; 

the  present  value  of  A  due  at  the  end  of  3  years  is  -^ ; 

and  so  on; 

,       ^                 ^    A      A       A        '  A 

therefore  M'^1^  "^  W^ "*"  ^ 


A  (1  -.B-) 


1 £-1 

If  the  present  value  of  an  annuity  A  for  any  number  of  years 
be  mA,  the  annuity  is  said  to  be  worth  m  years'  purchase. 

596.     To  find  the  present  vcdue  of  a  perpetv>al  cmnuity^ 

Suppose  n  =  infinity  in  the  formula 

A{\^R-) 

thus  F  =  -=r — '  =  — . 

JX"  1      r 
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597.     To  find  the  present  vcdiie  of  em  cmnuitt/,  to  commence  at 
the  end  of-p  yea/re ^  and  then  to  continue  q  yea/re. 

The  present  value  of  an  annuity  to  commence  at  the  end  of 
p  jears^  and  then  to  continue  q  years,  is  found  by  subtracting  the 
present  value  of  the  annuity  for  p  years  from  the  present  value  of 
the  annuity  iov  p  +  q  years  j  thus  we  obtain 

If  the  annuity  is  to  commence  at  the  end  of  p  years,  and  then 
to  continue  for  ever,  we  must  suppose  q  infinite,  and  the  present 

value  becomes  -tt — =-.     This  may  be  obtained  directly;  for  the 

present  value  is  the  sum  of  the  following  infinite  series, 

AAA 


•  a* 


598.  The  preceding  article  may  be  applied  to  calculate  the 
fine  which  must  be  paid  for  the  renewal  of  a  lease.  Suppose  an 
estate  to  be  worth  £A  per  f^nnnTn^  and  that  a  lease  of  the  estate 
is  granted  tor  p-\-q  years  for  a  certain  sum  of  money  paid  down ; 
and  suppose  that  when  q  years  have  elapsed,  the  lessee  wishes  to 
obtain  a  new  lease  for  p  -^q  years ;  he  must  therefore  pay  a 
sum  equivalent  to  the  value  of  an  annuity  of  £A  to  begin  at  the 
end  of  p  years,  and  to  continue  for  q  years.  This  sum  is  called 
the^ne  to  be  paid  for  renewing  q  years  of  the  lease. 

5^9.  We  have  hitherto  in  the  present  chapter  confined 
ourselves  to  the  case  in  which  the  interest  and  the  anntdty  are 
due  only  once  a  year.  We  will  now  give  a  more  general  pro- 
position. 

To  find  the  amount  of  an  annuity  left  unpaid  for  n  yearSy  at 
compoimd  interest,  supposing  interest  due  q  times  a  year,  and  the 
annuity  payable  m  times  a  year. 

Let  -  be  the  interest  of  one  pound  for  i-j  of  a  year; 
then  by  Art.   573,   the   amount  of  one  pound  in  a  years  is 


(>^^) 
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whether  5  be  an  integer  or  not;  thus  the  amount  of  one 

pound  for  f-j  of  a  year  is  n+-j    ;  we    shall  denote  this 

by  p.  Let  a  be  the  instalment  of  the  annuity  that  should  be 
paid  each  time;  then  the  amount  of  the  annuity  at  the  end  of  n 
years  is  the  sum  of  the  following  nvn  terms  : 

a  {/>"«-* +p'~-* +  />""-»+ +P+1}, 

that  is,  a ^  , 

(i.rr-i 

that  is,  a  ^  ^       • 

EXAMPLES  OP  ANNUITIES. 

In  the  examples  the  interest  is  supposed  compound  unless 
otherwise  stated. 

1.  A  person  borrows  £600.  5$,;  how  much  must  he  pay 
annually  that  the  whole  debt  may  be  discharged  in  35  years, 
allowing  simple  interest  at  4  per  cent.  ? 

2.  Determine  what  the  rate  of  interest  must  be  in  order  that 
the  present  value  of  an  annuity  for  a  given  number  of  years,  at 
simple  interest,  may  be  equal  to  half  the  sum  of  the  annuities. 

3.  A  freehold  estate  of  £100  a  year  is  sold  for  £2500;  at 
what  rate  is  the  interest  calculated  ? 

4.  The  reversion,  after  2  years,  of  a  freehold  worth  £168.  28, 
a  year  is  to  be  sold;  what  is  its  present  value,  supposing  interest 
at  2^  per  cent.  1 

5.  If  20  years'  purchase  must  be  paid  for  an  annuity  to  con- 
tinue a  certain  number  of  years,  and  26  years'  purchase  for  an 
annuity  to  continue  twice  as  long;  what  is  the  rate  per  cent.? 
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6.  Wlien  3^  per  cent,  is  the  rate  of  interest,  find  what  suifi 
must  be  paid  now  to  receive  a  freehold  estate  of  j£320  a  year 
10  years  hence;  having  given 

log  1-032  =-0136797,  log  7-29798  =  -8632030. 

7.  Supposing  an  annuity  to  continue  for  ever  to  be  worth 
25  years'  purchase,  find  the  annuity  to  continue  for  3  years  which 
can  be  purchased  for  £625. 

8.  A  sum  of  j£1000  is  lent  to  be  repaid  with  interest  at  4 
per  cent,  by  annual  instalments,  beginning  with  J640  at  the  end 
of  the  first  year,  and  increasing  30  per  cent,  each  year  on  the 
last  preceding  instalment.  Find  when  the  debt  will  be  paid  off; 
having  given 

log  2  =-30103,  log  3  =  -47712. 

9.  What  is  the  present  value  of  an  annuity  which  is  to  com- 
mence at  the  end  of  p  years,  and  to  continue  for  ever,  each  pay- 
ment being  m  times  the  preceding  ?  What  limitation  is  there 
as  to  m  1 

10.  What  sum  will  amount  to  £1  in  20  years,  at  5  per  cent., 
the  interest  being  supposed  to  be  payable  every  instant  ? 

11.  If  interest  be  payable  every  instant,  and  the  interest  for 

/l\o» 
year  be  (  —  J    of  the  principal,  find  the  amount  in  n  years. 


one 


12.  A  person  borrows  a  sum  of  money,  and  pays  off  at  the 
end  of  each  year  as  much  of  the  principal  as  he  pays  interest  for 
that  year;  find  how  much  he  owes  at  the  end  ofn  years. 

13.  An  estate,  the  clear  annual  value  of  which  is  £A  is  let 
on  a  lease  of  20  years,  renewable  every  7  years  on  payment  of  a 
fine ;  calculate  the  fine  to  be  paid  on  renewing,  interest  being 
allowed  at  siK  per  cent. ;  having  given 

log  106  =  2-0253059,  log  4-688385  =  -6710233, 

log  3-118042  =  -49^8820. 


r^ 
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14.  A  person  with  a-  capital  of  j£a,  for  which  he  receives 
interest  at  r  per  cent.,  spends  every  year  £h,  which  is  more  than 
his  original  income.     In  -how  many  years  will  he  be  ruined? 

Ex.  K  a  =1000,  r  =  6f  6=90,  shew  that  he  will  be  mined 
before  the  end  of  the  17th  year;  having  given 

log  2  =  -3010300,        log  3  =  4771213,        log  7  =  -8450980. 


XLIY.     CONTINUED  FEACTIONS. 


600.     Every  expression  of  the  form  a± -=-  is  called 

a 

c=t 

e  =t  (fee, 

a  continued  fraction. 

We  shall  confine  our  attention  to  continued  fractions  of  the 

1 
form  a+ = — ,  where  a,  J,  c, are  all  positive  integers, 

c  +  (fee. 

Eor  the  sake  of  abbreviation  the  continued  fraction  is  some< 

1         1 
times  written  thus :  a  +  ^ — 


6  +  c  +  <kc.  * 

"When  the  number  of  the  terms  a,  5,  c, is  finite,  the  con- 
tinued fraction  is  said  to  be  terminating;  such  a  continued  frac- 
tion may  be  reduced  to  an  ordinary  fraction  by  effecting  the 
operations  indicated. 

601.     To  convert  am/y  given  frfitction  into  a  continued  fractioru 

Let  ■—  be  the  given  fraction;  divide  m  by  w,  let  a  be  the 
n 

quotient  and  p  the  remainder;  thus 

m  p  \ 

—  =a  +  - =a  +  -; 
n  n  n' 

P 
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divide  n  hy  p,  let  5  be  the  quotient  and  q  the  remainder;  thns 

P  P  P 

Similarity  -  =  c  +  —  =  c  +  -; 


and  so  on. 


Thus  -.  =  £^  4. 

n 


9         q        q 

r 


5  + 


C  +  &C. 

If  m  be  less  than  n,  the  first  quotient  a  is  zexv. 

We  see  then  that  to  convert  a  given  fraction  into  a  continued 
fraction,  we  have  to  proceed  as  if  we  were  finding  the  greatest 
common  measure  of  the  numerator  and  denominator^  and  we 
must  therefore  at  last  arrive  at  a  point  where  the  remainder  is 
zero  and  the  operation  terminates;  hence  every  fraction  can  be 
converted  into  a  Urmiiiating 'contmaed  fraction. 

602.     The  fractions  formed  by  taking  one,  two,  three,  &c.  of 

1         1 
the  quotients  of  the  continued  fraction  a  +  -7 = —  are  called 

converging  fractions  or  convergent.   Thus  the  first  convergent  is  a; 

the  second  is  formed  from  a  +  r,  it  is  therefore  — 7 — ;  the  third 

0  0 

is    formed    from    a+ -,    that    is,    from    a  +  f- — r,    it    is 


5  +  - 
c 


ahc  -^a-^-c 
~6c" 


therefore    ^\    ^  '  ^  i  and  so  on. 

+ 1 


603.     The  convergents  taken  in  order  a/re  altematdy  leas  amd 
greater  them  the  contintied  /raction. 

The  first  convergent  a  is  too  small  because  the  part  t — -jr—  is 
omitted;  a  +  -^  ia  too  great  because  the  denominator  b  is  too 


. 
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small;  a+ =-  is  too  small  because  5  +  -  is  too  great;  and 

c 
so  on. 

604.     To  prove  the  law  of  formation  of  the  successive  con- 


mu     £-^  XI.  i^         a     ah  +  1     ahc+a-^-c      , 

The  first  three  convergents  are  y,  — r — ^  — r- — ? — ;  the 

nmnerator  of  the  third  is  e  (a&  + 1)  +  a,  that  is,  it  may  be  formed 
hy  multiplying  the  numerator  of  the  second  by  the  third  quotient, 
and  adding  the  numerator  of  the  first ;  the  denominator  of  the 
third  fraction  may  be  formed  in  a  similar  manner  by  multiplying 
the  denominator  of  the  second  by  the  third  quotient,  and  adding 
the  denominator  of  the  first.  We  shall  now  shew  by  induction 
that  such  a  law  holds  universally. 

Let  -,  ^ ,  ^,  be  three  consecutive  convergents,  «i,  m',  m", 
the  corresponding  quotients;  and  suppose  that 

Let  ni'*  be  the  next  quotient;  then  the  next  convergent 
differs  from  ^,  only  in  taking  in  the  additional  quotient  m'", 

so  that  we  have  to  write  m" -^—m  instead  of  w";  thus  the  next 

71* 


(-"-^'> 


oonyetgent 

IN    . 

*  P     m'"  {my  +p)+p'     fiTp" + p 

If  therefore  we  suppose 

p"'=^m'y'-i-p'  and  2"'=mV  +  3^. 

the  next  convergent  to  ^  will  be  equal  to  -^j  thus  the  converg- 
ent^  may  be  formed  by  the  same  law  that  was  supposed  to 
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hold  for  'Vt?;  but  the  law  has  been  proved  to  be  applicable  for 

the  third  convergent,   and  therefore  it  is  applicable  for  every 
subsequent  convergent. 

We  have  thus  shewn  that  the  successive  ocmvergetits  may  be 
formed  according  to  a  certain  law;  as  yet  we  have  not  proved 
that  when  they  are  so  formed  each  convergent  is  in  its  lowest 
terms,  but  this  will  be  proved  in  Art.  606. 

605.  The  difference  between  any  two  consecutive  convergent^ 
is  a  fraction  whose  nuTnerator  is  unity ^  and  denominator  the  pro- 
duct of  the  denominators  of  the  convergents. 

This  is  obvious  with  respect  to  the  first  and  second  converg- 

^     ^     aib  +  \     a     1 
ents,  for  — ^ t  =  t  • 

0  10 

Suppose  the  law  to  hold  for  any  two  consecutive  convergents 

- ,   — ,  j  that  is,  suppose  p'q  —p^  =  ±  1,  so  that 
q     q 

then,      jt>Y  -  pY  =  Ky  -^P)  i-p'  {^y  +  q)  =  pq'-'qp'  =  =F  1, 
so  that  -s-T-  —  -C-  -  ^ 


2"     ¥'^9^' 

thus  the  law  holds  for  the  next  convergent.     Hence  it  is  univer- 
sally true. 

606.  All  convergents  OA^e  in  their  lowest  terms. 

For  if  the  numerator  and  denominator  of  -  had  any  common 
measure  it  would  divide  p'q—pq  or  unity,  which  is  impossible. 

607.  Every  convergent  is  nearer  to  the  continued  fraction 
iJum  way  of  the  preceding  convergents. 

We  shall  prove  this  by  shewing  that  every  convergent   is 
nearer  to  the  continued  fraction  than  the  preceding  convergent. 
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P     J>      f 


Let  -,  -7,  -^  be  consecutive  convergents  to  a  continued 

fraction  x\   then  V/  =  — tA — ^«     Now  a?  differs  from  ^,  only  in 

taking  instead  of  m  the  complete  quotient  m"+  — 7;? — -j—  ;  this  will- 
be  some  quantity  greater  than  unity,  which  we  shall  denote  by  fi ; 
thus 

fi^+q' 

therefore  g-a:=g-.<±^=^^f^--^^)=     ,  t.^     „ 

^  p' ^i^p+p   p' ^  p^-pq  ^     ^^ 

q'     fiq'+q      q'      q(jiq-^q)      qW  +  q)' 
Now  1  is  less  than  fL  and  ^  is  greater  than  g;  hence  on  both 
accounts  the  difference  between  x  and  "^  is  less  than  the  differ- 

ence  between  x  and  ^  :  that  is,  ^  is  nearer  to  x  than  ~  is. 

q'  '  q  q 

608.     To  determine  limits  to  the  error  made  in  taking  any 
convergent  for  the  continued  fraction. 

By  the  preceding  article  the  difference  between  x  and  -  is 

1  1 

or  ;  this  is  less  tiian  —-j  and  greater  than 


ffW  +  ff)'         /'vu.S'N'  ii 


{<*% 


1 

-— -; r-.     Since  a  is  greater   than  q^   the   error  a  fortiori  is 

1  1 

less  than  -5  and  greater  than  —^ ;  these  "limits  are  simpler  than 

those  first  given,  though  of  course  not  so  close. 

609.     In  order  that  the  error  made  may  be  less  than  a  given 
quantity  t  >  we  have  therefore  only  to  form  the  consecutive  con- 
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P 
yergents  until  we  arrive  at  one  ^,  such  that  g*  is  not  less 

than^ 

610.  Any  (xmvergent  is  nearer  to  the  continued  /reaction  than 
any  other  Jraction  which  has  a  emaUer  denomwuUor  than  the 
convergent  has. 

Let  '^  be  the  oonveigent,  and  -  a  fraction,   such  that  s  is 

less  than  q\     Let  x  be  the  continued  fraction,  and  -  the  converg- 

n  n  n 

ent  immediately  preceding  ^.     Then  -,   a^  ^  are  either  in 

•  '  r 

ascending  or  descending  order  of  magnitude  by  Art.  603.     Now  - 

f)         j/  r  f) 

cannot  lie  bettveen  -  and  ^ :  for  then  the  difference  of  -  and  - 

q  q'  8  q 

would  be  less  than  the  difference  of  —  and  ^,  •  that  is,  less  than 

— 7,  and  therefore  the  difference  of  ps  and  or  would  be  less  than 
qq^  Jf  ^ 

-7,  that  is,  an  integer  less  than  a  proper  fraction,  which  is  im- 

ft 

1}         'o     r         r     7)         © 

possible.     Thus  either  -,  a?,  — ,,  -,  or  -,  — ,  sc,  -,  must  be  in 

9  9^         s     q  q 

r 
order  of  magnitude.     In  the  former  case  -  differs  more  fr^m  x 

8 

than  -,  does:  in  the  latter  case  -  differs  more  from  x  than  -  does, 
q  8  9 

and  therefore  a  fortiori  more  than  ^  does. 

P     p' 

611.  Suppose  — ,  —,  two  consecutive  convergents  to  a  con- 

tinned  fraction  Xy  then  — >  is  greater  or  less  than  sc*  according  as 

-  is  greater  or  less  than  ^  •     For  as  in  Art.  607 
9  y 
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Itq  +  q' 
therefore  P      o^_PW  +  g)      ^W+P) 

qx    p     qijt-p+p)    pw+q) 

Bedace  ilie  fractions  on  the  right-Iiand  side  to  a  common  de- 
nominator; ve  have  then  in  the  numerator 

.  ppM+qY-qqW+pYy 

or  /A*  {j>pq'  -  qqp'*)  +  pp'q^  -  qqp\ 

that  is,  Wq-pq)  ipq-p'q)' 

The  factor    v^p'q—pq    is    necessarily  positive;    the    factor 
pq  —p'q  is  positive  or  negative,  according  as  -  is  greater  or  less 

2 

than  — , :  hence  —    is  greater  or  less  than  -7- ,   that  is,  — ,  is 
q  ^  qx        ^,  ^  p  qq 

greater  or  less  than  sc*^  according  as  -  is  greater  or  less  than  ^ . 


KXAMPT.TS  OF  CONTINUED   FBACTIONS. 

Convert  the  following  four  fractions  into  continued  fractions : 

1380  o     445  19763  743 

1051*  612*        ^'    44126'  6Ti ' 

6.     Find  three  fractions  converging  to  3*1416. 

6.  Find  a  series  of  fractions  converging  to  the  ratio  of 
5  hours  48  minutes  51  seconds  to  24  hours. 

7.  If  — ,  ^,  ^  be  three   consecutive  convergents,   shew 

qx    q,   qz 

that  {p^-p^q^  =  {q^-q^P^* 

8.  Prove  that  the  numerators  of  any  two  consecutive  con- 
vergents have  no  common  measure  greater  than  unity,  and 
similarly  for  the  denominators. 
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^       t)       f)  . 

9.  If  ^,   — ^,  '^,  ....'..be  saccessive  convergents  to  a  con- 

9i     ^^     % 
tinued  fraction  greater  than  unity,  prove  that 

10.  Shew  that  "the  difference  between  the  first  convergent 
and  the  n^^  convergent  is  numericallj  equal  to 

J 1^     J^_  (~1)" 

M»     Mz     %1<     fi'«-i5'.  ' 

11.  Shew  that 

(^-)('-fc;)-ft-')('-fc)- 

12.  If  ft^  be  the  r^  quotient  in  a  continued  fraction  greater 
than  unity,  shew  that 

13.  If  ^^^=^,  ^=^^,    be  successive  convergents  to  the 

B      B      B  ,         , 

continued  fraction  -^-^  -^-^  -^-^ shew  that 

and  hence  that 

14.  If  ^  denote  the  w*^  convergent  to  a  fraction  -^,  and 

9n  "^  Q 

R^  denote  the  rfi^  remainder  which  occura  in  the  process  of 

P 

converting  the  fraction  7?  to  a  continued  fraction,   shew  that 

15.  Shew  that  the  difference  of  7:  and*^  is  -^  • 

16.  In  converting  a  fraction  in  its  lowest  terms  to  a  con- 
tinued fraction,  shew  that  any  two  consecutive  remainders  have 
no  common  measure  greater  than  unity. 
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XLY,    EEDUCTION  OF  A  QUADRATIC  SURD  TO   A 

CONTINUED  FRACTION, 

612.  A  quadratic  surd  cannot  be  reduced  to  a  temiinating 
continued  fraction,  because  the  surd  would  then  be  equal  to  a 
rational  fraction,  that  is,  would  be  commensurable;  we  shall  see, 
however,  that  a  quadratic  surd  can  be  reduced  to  a  continued 
fraction  which  does  not  terminate;  we  will  first  give  an  example, 
and  then  the  general  theory.     Take  the  square  root  of  6 ; 


J(6)+2     .,J(6)-2  1  I 

2  ^*       2  V(6)  +  2     ^^V(6)  +  2  ' 

1 

^/(6)^2   ^,^/(6)-2  2  1 

1  1  ^s/(6)^2        \A6i^' 

2 
the  steps  now  recur ;  thus  we  have 

V(6)-2  +  ^  — —  ^-^^ 

In  the  above  process  the  expression  which  occurs  at  the  beginning 
of  any  line  is  separated  into  two  parts,  the  first  part  being  the 
greatest  integer  which  the  expression  contains,  and  the  second  part 
the  remainder;  thus  the  greatest  integer  in  J 6  is  2,  we  therefore 
write 

V(6)  =  2  +  {V(6)-2}; 

again^  the  greatest  integer  in    -^-^ is  2,  we  therefore  write 

J(e)+2     g     ./(6)-2 
2       "  2       ' 

T.  A.  24 


870        BEDUCTION  OF  A  QUADRATIC  SURD 

and  80  on;  the  remainder  is  tben  made  to  have  its  nnmerator 
rational,  and  expressed  as  a  fraction  with  unity  for  numerator;  we 
then  b^in  another  line  of  the  process. 

We  may  notice  in  the  example  that  the  quotients  b^in  to 
recur  as  soon  as  we  arrive  at  a  quotient  which  is  double  of  the 
first.     This  we  shall  presently  shew  is  always  the  case. 

613.  Let  y  be  any  integer  which  is  not  an  exact  square;  let 
a  be  the  greatest  integer  contained  in  ^I^}  write  JI^  in  the  form 

■   ^    .- —  for  symmetry,  and  proceed  as  follows: 

v^     \        =  a  +  2Li — 1 =  a  H if  r  =iN  —  n* ' 

1  1  \ll,N)  +  a'       ^    ^     "' 

J{2Pl  +  a_       J{N)  +  a-rb_  r' 

JV—  a* 
if  a'  =  rb  —  a,  and  r'  =  ■ 


r       ' 


— 7 — *  +  — 7 :yw+« 


^  9 


N'-  a"* 
if  a'  =  rV -  a',  and  /'  =  - 


T 


T  r 

In  this  process  we  suppose  5,  h\  V\  ,,,to  be,  like  a,  the  greatest 
integers  contained  in  the  expressions  from  which  they  respectively 
i^pring;  hence  it  follows  that  r,  r,  /',  r", ...  are  all  positive.  For 
a'  is  less  than  N,  hence  r  is  positive,  and  b  is  the  greatest  integer 

in  — — ,  so  that  5  is  of  course  less  than  — — ;  hence  a^ 

T  T 

is  less  than  N^  and  so  /  is  positive;  and  so  on.  We  have  noticed 
this  feet,  because  it  follows  very  obviously  from  the  process;  it  is, 
however,  included  in  the  proposition  of  the  following  article. 
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614.     In  the  expressions  which  occnr  at  the  beginning  of  the 
lines  in  Art,  613,  we  have  the  following  series  of  quantities : 

0,  a,  a\  a",  a'\  <fec (1), 

l,r,  r',r",/",&c (2), 

and  the  corresponding  series  of  quotients  is 

a,  J,  h\  6",  V'\  <fec (3). 

"We  shall  now  shew  that  the  terms  in  (1)  and  (2)  are  all  posi- 
tive integers;  those  in  (3)  are  known  to  be  such. 

Let  a,  a,  a"  be  any  three  consecutive  terms  of  (1);  p,  p\  p" 
the  corresponding  terms  of  (2);  /5,  /J',  /J"  those  of  (3).     Let  the 

corresponding    convergents    to    «/(iV)    be    -,  "^j  "nv*    so  that 

p"    e^'p'-^p    ,  ^    ^    ^ 

Zj,  =  ijr-} ;  these  convergents  can  all  be  formed  in  the  usual 

q      pq  +  q 

way,  since  all  the  terms  in  (3)  are  positive  integers. 

Since  the  complete  quotient  corresponding  to  B!'  is  — — y, , 

9 
we  have,  by  Art.  607, 

J{N)  +  a!'    , 

Multiply  up,  and  then  equate  the  rational  and  irrational 
parts  (Art.  299) ;  thus 

ay  +  p'>  =  Fq\         a'Y  +  A  =/; 

therefore  a  {pq  —  p'q)  =pp'  —  qqN'f 

p"{j?q'-V'q)  =  fl>r-p'\ 

Now2>g^-p'g  =  «fcl,  hence  a  and  p"  are  integers.  And  it  is 
proved  in  Art.  611  that  pq' -p'q,  pp'  —  q^N',  and  q^N—p'*  have 
the  same  sign;  hence  a  and  p'  are  positive  integers. 

This  investigation  may  be  applied  to  cmy  corresponding  pair 
of  quantities  in  (1)  and  (2)  except  the  first  two  pairs;  it  cannot  be 

24—2 
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applied  to  these  because  two  convergents  -  and  ^  are  assumed  to 

precede  the  convergent  "^  •     But  the  first  two  pairs  of  quantities 

in  (1)  and  (2),  namely  0  and  1,  and  a  and  r,  are  known  to  be 
positive  integers.  Thus  all  the  quantities  in  (1)  and  (2)  are 
positive  integers. 

615.  The  greatest  term  in  (1)  is  a.  Eor  by  the  mode  of 
formation  of  the  series,  />p'  =  iV— a";  since  />  and  p'  are  positive,  a'* 
is  less  than  N^  and  therefore  a  is  not  greater  than  a. 

616.  No  term  in  (2)  or  (3)  can  be  greater  than  ^a.  For  by 
the  mode  of  formation  of  the  series,  a  +  a!'  =  pP  -,  and  since  neither 
a!  nor  a"  can  be  greater  than  a,  neither  />'  nor  ^'  can  be  greater 
than  2a. 

617.  If  f>"=l,  then  a!'  =  a. 

For,  by  Art.  614,  a '  +  />"  ^  =  ^ ,  therefore  if  p '  =  1, 

P 
a  +  a  fraction  =  ~ . 

Now  ■^.  is  a  nearer  approximation  to  ,JN  than  a  is,  and  a 
is  less  than  ^N )  therefore  ^  is  greater  than  a;  hence 

// 

a  =a. 

618.  If  any  term  in  (1),  excluding  the  first,  be  subtracted 
from  a,  the  remainder  is  less  than  the  corresponding  term  in  (2), 
For,  by  Art.  6U, 

therefore  %^\(l.^^\. 

therefore  —,  -  a"  is  less  than  />" ; 

therefore,  a  fortiori^        a  -  a  is  less  than  p".. 
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This  demonstratioa  will  only  apply  to  the  third  or  any  fol- 
lowing term,  because  in  Art.  614  it  is  supposed  that  two  terms 
a,  a  precede  a\  The  theorem,  however,  holds  for  the  second 
term,  as  is  obvious  by  inspection,  for  a  —  a  or  zero  is  less 
than  r. 

619.  It  is  shewn  in  Arts.  615  and  616  that  the  values  of  the 
terms  in  (1)  and  (2)  cannot  exceed  a  and  2a  respectively;  hence 
the  same  values  must  recur  in  the  two  series  simultaneously,  and 
there  cannot  be  more  than  2a'  terms  in  each  series  before  this 
takes  place. 

620.  Let  the  series  (1)  be  denoted  by 

^P  «a»  ^8>  ««-!»  »«>  ««'+!>  ««-!>  «„>  »«+!> 

and  let  a  similar  notation  be  used  for  (2)  and  (3).  We  have 
proved  that  a  recurrence  must  take  place,  suppose  then  that  the 
terms  from  the  m^  to  the  (n  - 1)***  inclusive  recur,  so  that 

»»  =  ««»  ««+i  =  «».+i>  »«+8  =  ««+a>  

We  shall  shew  that 

We  have  r^.  /„  =  iT-  a  J,        r^^^r,  =  iV^-  a/, 
but  r=r.       and       «=««; 


therefore  r    ,  =  r    , . 

Again,    a^.i  +  a„  =  r„_,5„_p        a.-i  +  «»  =  V A-i  i 
therefore  a^^^  -  a^^^  =  (6„_,  -  h^^^  r^_, ; 

therefore   -'^^^ =^^  =  6    ,  —  6    ,  =  zero  or  an  integer. 

But,  by  Art.  618, 

a-a  >  less  than  r    „ 

a-a  ,  is  less  than  r    „ 

that  is,                     •  is  less  than  r^^^; 


374  REDUCTION  OP  A  QUADRATIC  SURD, 

therefore  o^_,  —  a^_,  is  less  than  r^.j ; 

therefore  -^^ =^^  is  less  than  1, 

Comparing  this  with  the  former  result,  we  see  that  —^^=^ — "^^ 


T 
••-1 


must  be  zero; 

therefore  ^«-i=^m-i>      *^*^    6,-i""5^-,« 

Hence,  knowing  that  the  m^  term  recurs,  we  can  infer  that 
the  (w  — 1)*  term  also  recurs.  This  demonstration  holds  as 
long  as  m  is  not  less  than  3;  for  it  depends  on  the  theorem 
established  in  Art  618.     Hence  the  terms  recur  beginning  with 

the  complete  quotient  ^^ — - —  • 

621.  The  last  quotient  will  always  be  2a. 

For  let  the  last  complete  quotient  be  — -,   then  the 

next  is  '     '  ^ —  :  hence 
r 

«.  +  «  =  ''A>        rr^N^a\ 
but  r  =  ir-a*;         therefore  «*,  =  1; 

therefore,  by  Art.  617,  «,  =  « > 

therefore  h^  ■=  2a, 

622.  Every  periodic  continued  fraction  is  equal  to  one  of  the 
roots  of  a  quadratic  equation  with  rational  coefficients, 

T   X  1111 

Let  9s  =  a  + 


whcFe  y  =  r  + 


6  + ^4-  k-h  y* 

1       1    2.1 

8  + U+  t?4-  y  ' 


SO  that  a,  h, h,  h  are  quotients  which  do  not  recur,   and 

r,  8f Uy  V  those  which  recnr  perpetually* 
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Let  "^  be  the  convergent  formed  from  tke  quotients  a,  6,  ••. 
down  to  h  inclusiye;  and  let  -  be  tbe  convergent  immediately 
preceding -,j  then,  as  in  Art.  607, 

ir=^^ (1). 

Let  —-  be  the  convergent  formed  from  the  quotients  r,  «, ... 

P 
'     down  to  V  inclusive  j  and  let  -^  be  the  convergent  immediately 

.    r 

preceding  ^ ;  then 

^-w^-". <^^- 

From  (1)  and  (2)  by  eliminating  y  we  obtain  a  quadratic 
equation  in  x  with  rational  coefficients.  To  find  OJ  under  an 
irrational  form  we  should  take  the  positive  value  of  y  found 
from  (2),  that  is,  from 

and  substitute  it  in  (1). 


EXAKPLES  OP  CONTINUED   FRACTIONS   FROM  QUADRATIC  SURDS. 

Express  the  following  fourteen  surds  as  continued  fractions, 
and  find  the  first  four  convergents  to  each : 

1.  ^8.            2.     V(10).            3.    ^(14).  4.     ^(17). 

5.  V(19).        6.    J{%%).^          7.    ^(27).  8.     ^(46). 

9.  ^(53).                     10.     V(^Ol).  11.     ^/(a"+l). 

12.  J{a^-l).                13.     ^(a'  +  a).  14.     J(a'^a). 

15.  Find  the  8*  convergent  to  s/(13), 

16.  Find  the  8*  convergent  to  ^/(3.1). 


y®- 
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17.  Shew  that  the  9"*  convergent  to  ,^(33)  will  give  the  true 
value  to  at  least  6  places  of  decimals. 

211 

18.  Find  limits  of  the  error  when  -jj-  is  taken  for  J{2d), 

916 

19.  Shew  that  =-^--   differs  firom  ,^(23)  by  a  quantity  less 

*^"'  (T9l)»  ""*  «^*^  '^  fpop  • 

1151 

20.  Find  limits  of  the  error  when  -^jjr  is  taken  for  ,J{22). 

21.  Find  limits  of  the  error  when  the  S^  convergent  is  taken 
for  J(3l). 

22.  Shew  that  1  +  ^—  jr—  ^^ 

3+2+  3+  U  + 

23.  Shew  that 

\        b+  a-^  b+  a+ J\b+a+b+a+  /     b' 

24.  Shew  that 

2a  +  —  ^—  -ji- =2V(l  +  a"); 

a+  4a+  a+  4a+  ^^  ^ 

'shew  that  the  second  convergent  differs  from  the  true  value  by  a 

quantity  less  than  1  -f  a  (4a*  +  1) ;   and  thence  by  making  a  =  7, 

99  1 

shew  that  ^  differs  from  ^(2)  by  a  quantity  less  than  ■  ■ . 

25.  Shew  that  the  3"*  convergent  to  Aj(a'+  a  +  1)  is  J(2a  +  1). 

26.  Find  convergents  to  ^  j  shew  that  -^  exceeds  the  true 

value  by  a  quantity  less  than  oqwv  • 

27.  Find  the  6"*  convergent  to  . /(o)  • 

28.  Find  the  6*^  convergent  to  the  positive  root  of 

2«"-3a:-6  =  0. 
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29.  Find  the  &^  convergent  to  each  root  of 

30.  Find  the  7***  convergent  to  the  greater  root  of 

2a^-7a;  +  4  =  0- 

31.  Find  the  5**"  convergent  to 


32.  Find  the  value  of  1  + 


1  1 


33.     Find  the  value  of 


2+  2  + 
1111 


34.     Find  the  value  of  1  + 


1+  2+  1+  ii  + 

111111 


35.     Find  the  value  of 


2+3+1+2+3+1+ 
111111 


*  •  •  •  f 


36.     Find  the  value  of  2  + 


3+  2+1  +  3+  2+  1  + 
111111 


1+3+5+1+5+1+ 


XLYL    INDETERMINATE  EQUATIONS  OF  THE 

FIRST  DEGREE 

623.  When  only  one  equation  is  given  involving  more  than 
one  vaiiable,  we  can  generally  solve  the  equation  in  an  infinite 
number  of  ways;  for  example,  if  ax  +  bi/=:c,  we  may  ascribe  any 
value  we  please  to  x,  and  then  determine,  the  corresponding  value 
of  y. 

Similarly,  if  there  be  any  number  of  equations  involving  more 
than  the  same  number  of  variables,  there  will  be  an  infinite 
number  of  systems  of  solutions.  Such  equations  are  called  in* 
deteiminate  equations. 

624.  In  some  cases,  however,  the  nature  of  the  problem  may 
be  such,  that  we  only  want  those  solutions  in  which  the  variables 
have  positive  integral  values.  In  this  case  the  number  of  solutions 
mat/  be  limited,  as  we  shall  see.     We  shall  proceed  then  to  some 
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propositions  respecting  the  solution  of  indeterminate  equations  in 
positive  integers.  The  coefficients  and  constant  terms  in  these 
equations  wiU  be  assumed  to  be  integers. 

%25,  Neither  of  the  equations  oo;  +  Jy  =  c,  ax—hy=^c  can  be 
solved  in  integers  if  a  and  b  have  a  divisor  which  does  not 
divide  c. 

For,  if  possible,  suppose  that  either  of  the  equations  has  sucb 
a  solution ;  then  divide  both  sides  of  the  equation  by  the  common 
divisor;  thus  the  left-hand  member  is  integral  and  the  right-hand 
member  fractional,  which  is  impossible. 

If  a,  6,  c  have  any  common  divisor,  it  may  be  removed  by 
division,  so  that  we  shall  in  future  suppose  that  a  and  h  have  no 
common  divisor. 

626.  Given  one  eolviion  o/*  ax  —  by  =  c  m  positive  integers^  to 
f/nd  the  general  solution. 

Suppose  a;  =  a,  y  =  /3  is  one  solution  of  ax—hy  =  c,  so  that 
aa  —  5^  =  c.     By  subtraction 

a(a;-a)-6(y-fi)=:0:    therefore  ^  =  ?^^  . 

Since  ^  is  in  its  lowest  terms,   and  x  and  y  are  to  have 

integral  values,  we  must  have  (as  will  be  shewn  in  the  chapter  on 
the  Theory  of  Numbers), 

x—a  —  ht,        y-'P  =  ai, 

where  ^  is  an  integer;  therefore 

a?  =  a  +  6^,         y  =  l3-hai. 

Hence  if  one  solution  is  known,  we  may  by  ascribing  to  t  dif- 
ferent positive  integral  values,  obtain  as  many  solutions  as  we 
please.  We  may  also  give  to  t  such  negative  integral  values  as 
make  ht  and  cU  numerically  less  than  a  and  /3  respectively. 

We  shall  now  shew  that  one  solution  can  always  be  found. 

627.  A  solution  of  the  equation  ax  —  by  =  c  m  positive  integers 
eon  always  be  found. 

Let  r  be  converted  into  a  continued  fraction,  and  the  succes- 
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sive  coavergents  formed;  let    -  be  the  convergent  immediatelj 

preceding  t  j  then  aq  —  hp  =  ^h 

First  suppose  a^  — 6p  =  l,  therefore  aqc  —  hpo  =  c.  Hence 
x  =  qc,  y  =pc  is  a  solution  of  ax  —  hy^e. 

Next  suppose  ag  —  6/>  =  —  1,  then  a  (6  —  g')  —  6  (a  —  p)  =  1 ;  there- 
fore a(J)-q)c-h{a-p)c  =  c.  Hence  x={b-q)c,  y={a--p)c 
is  a  solution  o£ax—hy  =  c. 

If  a  =  l,  the  preceding  method  is  inapplicable;  in  this  case 
the  equation  becomes  x  —  hy^Cy  we  can  obtain  solutions  ob- 
viouslj  by  giving  to  y  any  positive  integral  value,  and  then 
making  OJ  =  c  +  6y.     Similarly  if  6  =  1. 

628.  Given  one  solution  of  tlie  equation  ax  +  by  =  c  m  positive 
integers,  to  find  the  general  solution. 

Suppose  that  x  =  a,  y  =  (3  is  one  solution  of  ax  +  by^e,  so 
that  a>a  +  hfi  =  c.     By  subtraction, 

a(a?-a)  +  6(y-^)  =  0;    therefore  ,=  ^-—^ . 

a 
Since  t^  is  in  its  lowest  terms  and  x  and  y  are  to  have  inte- 
gral values,  we  must  have 

x-a  =  ht,  P-y^at^ 

where  ^  is  an  integer;  therefore 

x=^a-¥ht,  y=^P^at 

629.  It  may  hapi>en  that  there  is  no  such  solution  of  the 
equation  ax  +  hy  =  c.  For  example,  if  c  is  less  than  a  +  b,  it  is 
impossible  that  e  =  ax  +  by  for  positive  integral  values  of  x  and  y, 
excluding  zero  values. 

By  the  following  method  we  can  find  a  solution  when   one 

yV  Ml. 

exists.     Let  t  be  converted  into  a  continued  fraction,  and  let  - 

6  q 

be  the  convergent  immediately  preceding 7 ;  then  aq  —  bp^^l. 
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First  suppose  aq-'bp  =  l^  then  aqc-'hpc  =  c;  combine  this 
with  ax  +  b^  =  c;  therefore  a {qc  —  x)  —  b  (pc  +  y)  =:  0 ;  therefore 
qc  —  x  =  btj  pc'\ry  =  at,  where  t  is  some  integer.     Hence 

x  =  qc—bt,  i/  =  at—pc. 

Solutions  will  be  found  by  giving  to  t,   if  possible,  positive 

integral  values  greater  than  ~  and  less  than  j-  ♦ 

Next  suppose  ag  —  6p  =  —  1,  then  aqc  —  bpc  =  ^c;  combine  this 
with  ax-{-by  =  c,  therefore  a  (as  +  gc)  —  6  {pc  —  y)  —  0.     Hence 

x^bt-qc,  y=pc-aL 

Solutions  will  be  found  by  giving  to  ^,   if  possible,  positive 

integral  values  greater  than  ~  and  less  than  — . 

6  a 

630.  Tojmd  the  mmiber  qfsoliUions  in  positive  integers  of  the 
equation  ax  +  by  =  c. 

Let  7-  be  converted  into  a  continued  fraction,   and  let  - 
b  q 

be  the  convergent  immediately  preceding  j- ;  then  a^  —  ftjp  =  *  1. 
Suppose  aq  —  bp  =  \. 

Then  by  the  preceding  Article, 

x^qc  —  bty       y^at  —pc, 

c  c 

I.     Suppose  —  and  t  not  to  be  integers. 

Let  ^  =  m+/,         ^  =  n  +  gy 

a  b 

where  m  and  n  are  integers,  and  y  and  g  are  proper  fractions. 

Then  the  least  admissible  value  of  ^  is  m^  +  1,  and  the  greatest 

hn;  thus  the  number  of  solutions  ian  —  m,  that  is,  ~  _£_  ^f^g 

b      a 

that  is,  -T  +/—  g.     And  as  this  result  must  be  an  integer  it  must 
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be  the  nearest  integer  to  —7  ,  superior  or  inferior  according  as 
y  or  ^  is  the  greater, 

II.  Suppose  -  an  integer. 

Then  /=  0 ;  thus  when  t  =  m  the  value  of  y  is  zero.     If  we 
include  this   solution  the  number  of  solutions  is  equal  to  the 

gi'eatest  integer  in  — r  +  1  j  if  we  exclude  this  solution  the  number 

/• 
of  solutions  LS  equal  to  the  greatest  integer  in  —r , 

c 

III.  Suppose  J-  an  integer. 

Then  g  =  0 ;  thus  when  t  =  n  the  value  of  x  is  zero.     If  we 

include  this  solution  the  number  of  solutions  is  equal  to  the 

J* 
greatest  integer  in  -^  +  1  j  if  we  exclude  this  solution  the  number 

c 
of  solutions  is  equal  to  the  greatest  integer  in  -r  • 

c  c 

I Y.     Suppose  -  and  r  to  be  integers. 

Then/=  0,  and  g  =  0 ;  thus  when  t  =  m  the  value  of  y  is  zero, 
and  when  t  =  n  the  value  of  a?  is  zero.     If  we  include  these  solu- 

tions  the  number  of  solutions  is  equal  to  -^  +  1 ;   if  we  exclude 

/» 

these  solutions  the  number  of  solutions  is  -^  —  1. 

ab 

Thus  the  number  of  solutions  is  determined  in  every  case. 

Similar  results  will  be  obtained  on  the  supposition  that 
aq  ^  bp  =  —  I, 

631.  To  solve  the  equation  ax  +  b^/  -{•  cz  =  d  in  positive  inte- 
gers we  may  proceed  thus :  write  it  in  the  form  ax  +  by  =  d—cz, 
then  ascribe  to  z  in  succession  the  values  1,  2,  3, and  de- 
termine in.  each  case  the  values  of  x  and  y  by  the  preceding 
articles. 
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632.     Suppose  we  have  the  simultaneous  equations 
aoj  +  6y  +  cz  =  d,  ax  +  6  y  +  cz  =  d/ ; 

eliminate  one  of  the  variables,  z  for  example,  we  thus  obtain  an 
equation  connecting  the  other  two  variables,  Ax  +  By^G^  sup- 
pose. Now  if  A  and  JB  contain  no  common  factors  except  such  as 
are  also  contained  in  (7,  by  proceeding  as  in  the  previous  articles, 
we  may  obtain 

x  =  a  +  Bt,  f/  =  P  —  At, 

Substitute  these  values  in  one  of  the  given  equations,  we  thus 
obtain  an  equation  connecting  t  and  z,  which  we  may  write 
A't  +  Bz  =  C.  From  this,  if  -4'  and  ^  contain  no  common  factors 
except  such  as  are  also  contained  in  (7',  we  may  obtain 

t^a'  +  m,  z^p-Ali. 

Substitute  the  value  of  t  in  the  expressions  found  for  x  and  y ; 
thus 

or  x=:a  +  Ba:  +  BB't\  y  =  p  -  a'A  -  AB'tf. 

Hence  we  obtain  for  each  of  the  variables  a?,  y,  an  expression 
of  the  same  form  as  that  already  obtained  for  z. 

EXAMPLES  OF  INDETERMINATE  EQUATIONS. 

Solve  the  following  six  equations  in  positive  integers  : 
1.       8aj  +  65y  =  81.  2.     17a;  +  23y=  183. 

3.     19aj+    5y=119.  4.       7a;+10y=297. 

5.      3aj+   7y  =  250.  6.     13a;  +  19y  =  1170. 

Find  the  general  integral  values  in  each  of  the  following  four 
equations,  and  the  least  values  of  x  and  y  which  satisfy  each : 

7.       7iB-9y  =  29.  8.       9a;~lly  =  8. 

9.     19iB- 52^  =  119.  10.     17a;-49y  +  8  =  0. 

11.  In  how  many  ways  can  £500  be  paid  in  guineas  and 
live-pound  notes  1 

12.  In  how  many  ways  can  £100  be  paid  in  guineas  and 
crowns  ? 
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13.  Id  how  many  w^ys  can  £100  be  paid  in  half-guineas 
and  sovereigns? 

14.  In  how  many  ways  can  £22.  3«.  6d.  be  paid  with  French 
five^franc  pieces  (value  4«.  each),  and  Turkish  dollars  (value 
38.  6d.  each)? 

15.  In  how  many  ways  can  Ids.  6c?.  be  paid  in  florins  and 
half-crowns  ? 

16.  K  there  were  coins  of  7  shillings  and  of  17  shillings^  in 
how  many  ways  could  £30  be  paid  by  means  of  them  ? 

17.  What  is  the  simplest  way  for  a  person  who  has  only 
guineas  to  pay  lOs.  6d,  to  another  who  has  only  half-crowns  ? 

18.  Supposing  a  sovereign  equal  to  25  francs,  how  can  a 
debt  of  44  shillings  be  most  simply  paid  by  giving  sovereigns 
and  receiving  francs? 

19.  Divide  200  into  two  parts,  such  that  if  one  of  them  be 
divided  by  6  and  the  other  by  11,  the  respective  remainders  may 
be  5  and  4. 

20.  How  many  crowns  and  half-crowns,  whose  diameters 
are  respectively  '81  and  '666  of  an  inch,  may  be  placed  in  a 
row  together,  so  as  to  make  a  yard  in  length  ? 

21.  Find  n  positive  integers  in  arithmetical  progression  whose 
sum  shall  be  n' ;  shew  that  there  are  two  solutions  when  n 
is  odd. 

22.  What  is  the  least  number  which  divided  by  28  leaves  a 
remainder  21,  and  divided  by  19  leaves  a  remainder  17  ? 

23.  Find  the  general  form  of  the  numbei's  which  divided  by 
3,  5,  7,  have  remainders  2,  4,  6,  respectively. 

24.  What  is  the  least  numjjer  which  being  divided  by  28,  19 
and  15,  leaves  remainders  13,  2  and  7  ? 

25.  Solve  in  positive  integers  17a;  +  23y  +  3«  =  200. 

26.  Find  all  the  positive  integral  solutions  of  the  simul- 
taneous equations 

5aj  +  4y  +  «  =  272,  Sac  +  9y  +  3«  =  656. 
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27.  In  how  many  ways  can  a  person  pay  a  sum  of  £15  in 
half-crowns,  shillings,  and  sixpences,  so  that  the  number  of  shil- 
lings and  sixpences  together  shall  equal  the  number  of  half- 
crowns) 

28.  Find  in  how  many  different  ways  the  sum  of  £4.  16*. 
can  be  paid  in  guineas,  crowns,  and  shillings,  so  that  the  number 
of  coins  used  shall  be  exactly  16. 

29.  How  can  £2,  is.  be  paid  in  crowns,  half-crowns,  and 
florins,  if  there  be  as  many  crowns  used  as  half-crowns  and  florins 
together  ? 

30.  What  is  the  greatest  sum  of  money  that  can  be  paid  in 
10  different  ways  and  no  more,  in  half-crowns  and  shillings? 

31.  The  difference  between  a  certain  multiple  of  ten  and  the 
sum  of  its  digits  is  99  j  And  it. 

32.  The  same  number  is  represented  in  the  undenary  and 
septenary  scales  by  the  same  three  digits,  the  order  in  the  scales 
being  reversed  and  the  middle  digit  being  zero ;  find  the  number. 

33.  A  number  consists  of  three  digits  which  together  make 
up  20  j  if  16  be  taken  from  it  and  the  remainder  divided  by  2 
the  digits  will  be  inverted ;  find  the  number. 

34.  Find  a  number  of  four  digits  in  the  denary  scale,  such 
that  if  the  first  and  last  digits  be  interchanged,  the  result  is  the 
same  number  expressed  in  the  nonary  scale.  Shew  that  there  is 
only  one  solution. 

35.  A  farmer  buys  oxen,  sheep,  and  ducks.  The  whole  number 
bought  is  100,  and  the  whole  sum  paid  =  £100.  Supposing  the 
oxen  to  cost  £5,  the  sheep  £1,  and  the  ducks  Is.  per  head ;  find 
what  number  he  bought  of  each.  Of  how  many  solutions  does 
the  problem  admit  ] 

36.  Find  three  proper  fractions  in  Arithmetical  Progression 
whose  denominators  shall  be  6,  9,  18,  and  whose  sum  shall  be  2|. 

37.  Three  bells  commenced  tolling  simultaneously,  and  tolled 
at  intervals  of  25,  29,  33  seconds  respectively.     In  less  than  half 


EXAMPLES.        CHAPTER  XLVl.  385 

an  hour  the  first  ceased,  and  the  second  and  third  tolled  18 
seconds  and  21  seconds  respectivelj  after  the  cessation  of  the 
first  and  then  ceased ;  how  many  times  did  each  bell  toll  ? 

■ 

38.  Two  rods  each  c  inches  long,  and  divided  into  m,  n  equal 
parts  respectiv^y,  where  m  and  n  are  prime  to  each  other^  are 
placed  in  longitudinal  contact  with  their  ends  coincident.     Prove 

that  no  two  divisions  are  at  a  less  distance  than  —  inches,  and 

mn 

that  two  pairs  of  divisions  are  at  this  distance.     If  m  =  250  and 

n  =  243,  find  those  divisions  which  are  at  the  least  distance. 

39.  There  are  three  bookshelves  each  of  which  will  carry 
20  books;  when  books  are  composed  of  3  sets  of  5  Tolumes  each, 
6  of  4,  and  7  of  3,  how  must  they  be  distributed,  so  that  no  set 
is  divided? 
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DEGREE  HIGHER  THAN  THE  FIRST. 

633.  The  solution  in  positive  integers  of  indeterminate  equa- 
tions of  a  degree  higher  than  the  first  is  a  subject  of  some  com- 
plexity and  of  little  practical  importance ;  we  shall  therefore  only 
give  a  few  miscellaneous  propositions. 

634.  To  solve  in  positive  integers  the  equation 

nixy  +  mi?  •{■  px  +  qy  =  r* 

This  equation  contains  only  one  of  the  squares  of  the  variables,  and 
it  can  always  be  solved  in  the  manner  indicated  in  the  following 
example.     Required  to  solve  in  positive  integers  the  equation 

3ajy  +  2a;' =  5y  +  4a;  +  5. 

Here  y(3a;-5)  =  -2a;'  + 4a;  +  5 ; 

-  205*+ 4a;  +  5 
therefore  y  = 3^35 —  ^ 


T.  A. 


25 
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let  3x  =  z;   therefore  9y= =  -'2z  +  2'^ =: 

'  ^  z-5  z-5' 

55 

therefore  9  v  =  -  6ic  +  2  +  -^ „  . 

3a; -5 

Since  a?  and  y  are  to  have  integral  values  Saj  — 5  must  be  a 
divisor  of  55,  and  from  this  condition  we  can  find  by  trial  the 
values  of  a?,  and  then  deduce  those  of  y.  The  only  cases  for 
examination  are  the  following : 

3aj-  5  =  d^55,  3x-  5  =  ±  11, 

3aj-5  =  ±5,  3a;-5  =  =bl; 

out  of  these  cases   only  the   following  give  a  positive  integral 

value  to  X, 

3x  —  5  =  55,  therefore  a;  =  20 ; 

3a;  -  5  =  1,     therefore  a:  =  2. 

When  a;  =  20  we  do  not  obtain  a  positive  integral  value 
for  y ;  when  a:  =  2  we  have  y  =  5^  this  is  therefore  the  only 
solution  of  the  proposed  equation  in  positive  integers. 

635.  The  equation  x*  -  iTy*  =  1  can  always  be  solved  in 
integers  when  i\r  is  a  whole  number  and  not  a  perfect  square. 
For  in  the  process  of  converting  ^iT  into  a  continued  fraction 
we  arrive  at  the  following  equation  (see  Art.  614), 

p"(pq'-p'q)  =  q'*If-p"i 

and   at  the   end  of   any   complete  period  of   quotients  p"  =  1 
(Art.  621)  j  thus 

Suppose  now  that  the  number  of  the  recurring  quotients  is  even, 
then   7  is  always  an  even  convergent,  and  therefore  greater  than 

JN,  and  so  greater  than  - ,     Hence  pq  —  qp  =  1,  and  we  have 

—  1  =  g''*ir— I?'" ;  so  that  ;>'"-ir3''*  =  1.     Hence  we  obtain  solu- 
tions of  the  proposed  equation  by  putting  x=p'  and  y  =  g',  where 
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^  is  any  convergent  just  preceding  that  formed  with  the  quo- 
tient 2a. 

Next  suppose  that  the  number  of  the  recurring  quotients  is  odd; 


then  when  first  p"  =  l  the  convergent  -,  is  an  odd  convergent, 


P  I. 

ILXi 
P 


when  next  p"  =  l  the  convergent  ^  is  an  even  convergent,  and 

so  on.  Hence  solutions  can  be  obtained  by  restricting  ourselves 
to  even  convergents  occurring  just  before  those  formed  with  the 
quotient  2a, 

636.  If  the  number  of  recurring  quotients  obtained  from 

JN  be  odd,  then,  as  appears  in  the  preceding  Article,  if  '^  be 

any  odd  convergent  immediately  preceding  that  formed  with 
the  quotient  2a,  we  have 

pq  -r'p'q  =  q^N'—p'^y  and  ;p/  —pq  =  1  j 
thus  we  obtain  in  this  case  solutions  in  integers  of  the  equation 

637.  The  equation  a?  —  N'^  =  ^a*  by  putting  x  =  ax  and 
y  =  aj/  becomes  «'*  —  i^Ty'*  =  ±  1,  which- we  have  considered  in 
the  preceding  Articles. 

638.  The  relation 

p''(pq'-p'q)  =  q'^N-p\  that  is,  ^ p'' =  ^*N --p'^, 

will  give  solutions  of  the  equation  05*  —  Ny^  =  ±  c  in  some  cases 
in  which  c  is  different  from  unity.  The  method  will  be  similar 
to  that  given  in  Arts.  635  and  636. 

« 

639.  If  one  solution  in  integers  of  the  equation  a?  —  iV^y*  =  1 
be  known,  we  may  obtain  an  unlimited  number  of  such  solutions. 
For  suppose  x=p  and  y  =  q  to  be  such  a  solution,  so  that 
p«-.iiY=l;  then 

{p-qjN)(jp^qJN)^l, 

25-2 
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therefore 

hj  supposition.     Put  then 

thus  <»  =  \[{p  +  qJN)'  +  (p-q^NY^, 

it  is  obvious  that  if  ti  be  any  positive  integer,  these  values  of 
X  and  y  will  be  positive  integers. 

640.  Similarly,  if  one  solution  in  integers  of  the  equation 
a?'  — iry*  =  —  1  be  known,  we  may  obtain  an  unlimited  number 
of  such  solutions.  For  suppose  x  =  p  and  y=^q  to  be  such  a 
solution^  then 

Now  take  n  any  odd  integer ;  then 

^{x-yJN){x  +  yJN), 
by  suppoaition. 

Then  we  proceed  as  in  Art.  639. 

641.  If  one  solution  in  integers  of  the  equation  a?  —  N^  =  a 
be  known,  we  may  obtain  an  unlimited  number  of  such  solutions. 
For  suppose  x=^p  and  y  =  ^  to  be  such  a  solution,  and  let  x  —  m 
and  y  =  n  be  a  solution  of  v?  —  N^  =  1 ;  then  the  equation 
ic'  —  Ny^  =  a  may  be  written 

= p  W  +  xV  V  V  -  N  (p  V  +  5  W) 
=  (jmi  ±  Nqnf  -  N  {pn  ±  qmy ; 
we  may  therefore  take 

X  =  pm  ±  Jjfqrif        y=pn  dtqm. 
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1.  Solve  in  positive  integers  Sxi/  —  4y  +  Sa?  =  14. 

2.  Solve  in  positive  integers  ay  +  a*  =  2a5  +  3y  +  29. 

3.  Find  a  solution  in  positive  integers  of  a:*  —  1 3y*  =  —  1 . 

4.  Find  a  solution  in  positive  integers  of  x'  —  lOly*  =  —  1. 

5.  Shew  how  to  find  series  of  numbers  which  shall  be  at  the 
same  time  of  the  two  forms  n'  —  1  and  10m",  and  find  the  value 
of  the  smallest. 

6.  A  gentleman  being  asked  the  size  of  his  paddock  an- 
swered, "between  one  and  two  roods;  also  were  it  smaller  by 
3  square  yards,  it  would  be  a  square  number  of  square  yards,,  and 
if  my  brother  8  paddock,  which  is  a  square  number  of  square 
yards,  were  larger  by  one  square  yard,  it  would  be  exactly  half 
as  large  as  mine."     What  was  the  size  of  his  paddock  ? 

7.  Find  a  whole  number  which  is  greater  than  three  times 
the  integral  part'  ot  its  square  root  by  unity  j  shew  that  there  are 
two  solutions  of  the  problem  and  no  more. 

8.  Shew  that  the  number  of  solutions  in  positive  integers  of 
y*  +  aa*  =  6  is  limited  when  a  is  positive. 

9.  Find  all  the  solutions  in  positive  integers  of 

33^-2ajy  +  7a;"=27. 

10.  Find  all  the  solutions  in  positive  integers  of 

2a;' -9a^+7y»  =  38. 

11.  Find  a  general  form  for  solutions  in  positive  integers 
of  X*  —  23^"  =  1,  having  given  the  solution  x  =  2i  and  y  =  5. 

12.  Find  a  general  form  for  solutions  in  positive  integers 
of  x'  —  2y*  =  7,  having  given  the  solution  a?  =  3  and  y  =  1, 
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XLVIII.      PARTIAL    FRACTIONS   AOT)    INDETERMI- 
NATE  COEFFICIENTS. 

642.  An  algebraical  fraction  may  be  sometimes  decomposed 
into  the  sum  of  two  or  more  simpler  fractions ;  for  example, 

2a;- 3     _     1  1 

a»-3a;  +  2""a;-l"^aj-2* 

The  general  theory  of  the  decomposition  of  a  fraction  into 
simpler  fractions,  called  partial  frcLCtionSy  is  given  in  treatise  on 
the  Theory  of  Equations  and  on  the  Integral  Calculus.  (See 
Theory  of  Equations,  Chap,  xxiv.,  IntegrcU  CdtcuLvs,  Chap,  ii.) 
We  shall  here  only  consider  a  simple  case. 

643.  Let  7 r— TTT-T r  be  a  fraction,  the  denominator 

(a;-o)(a;-^)(aj-y) 

of  which  is  composed  of  three  different  factors  of  the  first  d^ree 
with  respect  to  a:,  and  the  numerator  is  of  a  degree  not  higher 
than  the  second  with  respect  to  x ;  this  fraction  can  be  decom- 
posed into  three  simple  fractions,  which  have  for  their  denomina- 
tors respectively  the  fiEUstors  of  the  denominator  of  the  proposed 
fraction,  and  for  their  numerators  certain  quantities  independent 
of  X,     To  prove  this,  assume 

(ix^  +  hx  +  c  ABC 

+ 


(a;  —  a)  (05  —  )8)  (oj  —  y)     x  —  a     a;  —  )8     x  —  y^ 

where  A,  B,  C  are  at  present  undetermined;  we  have  then  to 
shew  that  such  constant  values  can  be  found  for  Ay  B  and  G,  as 
will  make  the  above  equation  an  identity ^  that  is,  true  whatever 
may  be  the  value  of  x.  Multiply  by  {x  —  a)  (a?  -  P)  (a?  —  y) ;  then 
all  that  we  require  is  that  the  following  shall  be  an  identity, 

ax*  +  bx-\-c  =  A{x-P){x-y)-\-B{x-a){x-y)-^G{x-'a){x  —  P); 

this  will  be  secured  if  we  arrange  the  terms  on  the  right  hand 
according  to  powers  of  a;,  and  equate  the  coeflBcient  of  each  power 
to  the  corresponding  coefficient  on  the  left  hand;  we  shall  thus 
obtain  three  simple  equations  fpr  determining  Ay  B  and  C. 
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644.  The  method  of  the  preceding  Article  may  be  applied  to 
any  fraction,  the  denominator  of  which  is  the  product  of  different 
simple  factors,  and  the  numerator  of  lower  dimensions  than  the 
denominator. 

The  preceding  Article  however  is  not  quite  satisfactory,  because 
we  do  not  shew  that  the  final  equations  which  we  obtain  are  irtr 
dependent  and  consistent.  But  as  we  shall  only  have  to  apply  the 
method  to  simple  examples,  where  the  results  may  be  easily 
verified,  we  shall  not  devote  any  more  space  to  the  subject,  but 
refer  the  student  to  the  Theory  of  Equations  and  the  Integral 
Ccdcvhis, 

2a?— 3 

645.  Suppose  we   have  to   develop   -^ — ^   in  a  series 

proceeding  according  to  ascending  powers  of  x ;  there  are  various 
miethods  which  may  be  adopted.  We  may  proceed  by  ordinary 
algebraical  division,  writing  the  divisor  in  the  order  2  —  3a;  +  a;* 
and  the  dividend  in  the  order  '-  3  +  ^x.     Or  we  may  develop 

-g — ^  by  writing  it  in  the  form  (a:*  —  3a;  +  2)"^,  and  finding 

X  "~~  oa;  +  jd 

the  coefficients  of  the  successive  powers  of  x  by  the  multinomial 

theorem ;   we  must  then  multiply  the  result  by  2aj  —  3.     It  is 

however  more  convenient  to  decompose  the  fraction  into  partial 

fractions  and  then  to  develop  each  of  these.     Thus 

2a;- 3  1  1 

a;»-3a;  +  2"a?-l  "''a;-'2' 

z:---^ =-(l-a;)"^  =  -il+a;  +  a;'+a;'+  ...  +  a;"+  ...  >, 

x^\        \—x  K  J 


-2       2-a!       2V      V 


1  (.    X    x'    or  «"  1 


2a;  — 3 
Hence  the  required  series  for  -^ — ^ x  has  for  its  general 


term 


-(iH-gL)*^. 
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646.  Without  actuallj  dereloping  sach.  an  ezpression  as  the 
above,  we  may  shew  that  the  saccessiYe  coefficients  will  be  con- 
nected bj  a  certain  rdation;  before  we  can  shew  this  it  will  be 
necessary  to  establish  a  general  property  of  series. 

647.  If  the  series 

a^  +  a^x-h  ajx^  +  a^a^  + 

is  always  equal  to  zero  whatever  may  be  the  value  of  ac,  the 

coefficients  a^,  a^,  a,, must  each  separately  be  equal  to  zero. 

For  since  the  series  is  to  be  zero  whcUever  may  he  the  value  of  Xy 
we  may  put  09  =  0;  thus  the  series  reduces  to  a^,  which  must 
therefore  itself  be  zero.     Hence  removing  this  term  we  have 

a^x  +  ajc' +  a^a?  + 

always  zero;  divide  by  x,  then 

a^  +  a^x  +  a^a^-h 

is  always  zero.  Hence,  as  before,  we  infer  that  a,  =  0.  Pro- 
ceeding in  this  way,  the  theorem  is  established. 

If  the  series        a^  +  a^x  +  a^oc^  +  ajx^  + 

and  A^  +  AjX-^Ajx^+  A^of+ 

are  always  equal  whatever  may  be  the  value  of  x,  then 

is  always  zero  whatever  may  be  the  value  of  a?;  hence  we  infer  that 

that  is,  the  coefficients  of  like  powers  of  a;  in  the  two  series 
are  equal. 

The  theorem  here  given  is  sometimes  quoted  as  the  Principle 
of  Indeterminate  Coefficients;  we  assumed  its  truth  in  Art.  542, 
With  respect  to  the  difficulties  of  the  demonstration  of  the 
Principle,  the  advanced  student  may  consult  the  Chapter  on  this 
subject  in  De  Morgan's  Algebra, 
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648.     Suppose  that  the  series 


represents  the  development  of  = -, :  then 

^  I'-px^qx 

o+  6aj=  (1  -px-^qocT}  {u^  +  u^x  +  ujxf  +  u^x^  + ). 

If  w  be  greater  than  1,  the  coefficient  of  oj*  on  the  right-hand 
side  is  u^'-pu^_^  —  qu^_^;  hence  since  there  is  no  power  of  x 
higher  than  the  first  on  the  left-hand  side^  we  must  have  by 
Art.  647,  for  every  value  of  n  greater  than  1, 

And  by  comparing  the  first  and  second  terms  on  each  side, 
we  have 

the  last  two  equations  determine  Uo  and  u^,  and  then  the  previous 

equation  will  determine  u^y  u^,  u^, by  making  successively 

n  =  2,  3,  4, 

EXAMPLES  OP   PAETIAL   FRACTIONS  AND  INDETERMINATE 

COEFFICIENTS. 

Expand  each  of  the  following  seven  expressions  in  ascending 
powers  of  asy  and  give  the  general  term : 

T  1  o        5-lOaj  .  3aj-2 


3-2aj*  2-a;-3a;«*  (aj~l)(«-2)  (aj-3)  * 

A  g  ^  1  ^       g  +  6a; 

*•     (l-aj)(l-^«)-  ^-     l-2a?  +  «»-  ^'     (TTS^)'- 

^      1  +  4aj  -I-  re* 

Expand  each  of  the  following  five  expressions  in  ascending 
powers  of  a?  as  far  as  five  terms,  and  write  down  the  relation 
which  connects  the  coefficients  of  consecutive  terms : 

°'     l-x  +  s^-  ^'     l-ax+S**'  ^"*    2-2x-x'' 


394  EXAMPLES.        CHAPTER  XLVIII. 


11.      -z J.  12. 


a^  +  ax  +  oc^,'.  *     l-px+px^  —  ix?' 

13.     Sum  the  following  series  to  n  tenns  by  separating  each 
term  into  partial  fractions : 


X  ax  a^x 


(l  +  a;)(l+aaj)     (1  +  aa;)  (1  +  a'a)     (1 +a*a5)(l +  a'aj) 

14.  Sum  in  a  similar  manner  the  following  series  to  n  terms : 

a;  (I  —  ax)                            ax  (1  -  a^x) 
(1  +a;)(l  +  aa;)(l  +  a'a;)     (1  +  aa)  (1  +  a^x)  (1  +  a^x)  "^ 

15.  Determine  a,   6,  c,  c?,  c,  so  that  the   w*  term  in  the 

-  a  +  Jo;  +  coj*  +  c^oj'  +  ex^  .       .  „_, 

expansion  of jz r^ may  be  w  oj     . 

of 

16.  Shew  how  to  decompose  -. x^-, ^ —  into  par- 

^        (05  — a)  (03— 6)(a;  — c) ...  " 

tial  fractions,  supposing  that  n  is  the  number  of  factors  in  the 
denominator,  and  that  p  is  an  integer  less  than  m 

If jp  be  less  than  n—l,  shew  that 

a""  If  (f 


-  '■ •*•        ■■-■■■■         — .1  -    I      I-    ■■■  m^        '">  -■■■■■■  ■     .  ^ 

(a-6)(a  — c) ...      (6-a)(6-c) ...      (c -a)  (c-ft)  ... 


+ ...  =0. 
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649.  A  series  is  called  a  recurring  aeries,  when  from  and 
after  some  fixed  term  each  term  is  equal  to  the  sum  of  a  fixed 
number  of  the  preceding  terms  multiplied  respectively  by  certain 
constants.  By  constants  here  we  mean  quantities  which  remain 
unchanged  whatever  term  of  the  series  we  consider. 

650.  A  geometrical   progression  is  a  simple  example  of  a 

recurring  series;   for  in  the  series  a  +  ar  +  ar^  +  ar^ •\- each 

term  after  the  first  is  r  times  the  preceding  term.     If  u^_^  and  u^ 
denote  respectively  the   (n  — 1)*^  term  and  the  w*^  term,   then 
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u  —  rw  ,  =  0:  the  sum  of  the  coefficients  of  u  and  w.  ,  with 
their  proper  signs,  that  is,  1  —  r,  is  called  the  scale  of  relation. 

Again,  in  the  series  2  + 4a5+ 14a5*+ 46aj®+ 152a5*  + the 

law  connecting  consecutive  terms  is  u^  —  ^xu^_^  —  x^u^^^  =  0 ;  this 
law  holds  for  values  of  n  greater  than  1,  so  that^  every  tei-m  after 
the  second  can  be  obtained  from  the  two  terms  immediately  pre- 
ceding.    The  scale  of  relation  is  1  —  3aj  —  oj". 

651.     Tojmd  the  sum  o/n  terms  of  a  recurring  series. 

Let  the  series  be  u^  +  u^x  +  u^x'  +  u^x^  + ,  and  let  the  scale 

of  relation  be  l—px  —  qx^,  so  that  for  every  value  of  n  greater 
than  unity  u^—pu^^^^qu^^^  =  0.  Denote  the  first  n  terms  of 
the  series  by  S,  then 

S=u^  +  u^x  +  u^x'  A-u^a?  + +w,_jaj""*, 

PocS=UqPX  +  u^px'  +  u^pa?  + +  u^_jpx'^^  +  w,_jpa;", 

qx^S^  u^qof-^-  u^qoi?  + +«*,_ay«"~*  +  ^n-a5'^+w«-i9'«^"*^^ 

hence 

S—pxS  —  qa?S  =  w^  +  u^x  —  u^px  —  u^^pa^  —  ^^-aS'^"  -  '^«-iS'^'^  S 

for  all  the  other  terms  on  the  right-hand  side  disappear  by  virtue 
of  the  relation  which  holds  between  any  three  consecutive  terms 
of  the  given  series ;  therefore 

u^^-x{u^  -pu^  -  g;"  {pu,_^  +  qu^^^  +  ga^„  J 

1  —px  —  qx 

If  as  7J  increases  without  limit  the  term 

diminishes  without  limit,  we  may  say  that  the  sum  of  an  infinite 
number  of  terms  of  the  recurring  series  is 

l^px—qof 

It  is  obvious,  that  if  this  expression  be  developed  in  a  series 
according  to  powers  of  x,  we  shall  recover  the  given  recurring 
series.     (See  Art.  648.) 
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652.     If  the  recurring  series  be  u^  +  u^-\-u^  +  u^-h ,  and 

the  scale  of  relation  l—p  —  q,  we  have  only  to  make  a?  =  1  in  the 
results  of  the  preceding  Article,  in  order  to  find  the  sum  of  n 
termis,  or  of  an  infinite  number  of  terms, 

cpmposed  into  partial  fractions,  each  having  for  its  denominator  an 
expression  containing  only  the  fi^st  power  of  x  (see  Art.  643). 
When  this  can  be  done,  since  each  partial  fraction  can  be  de- 
veloped into  a  geometrical  progression,  we  can  obtain  an  expres- 
sion for  the  general  term  of  the  recurring  series.  We  have  thus 
also  another  method  of  obtaining  the  sum  of  n  terms,  since  the 
sum  of  n  terms  of  each  of  the  geometrical  progressions  is  known. 
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Find  the  expressions  from  which  the  following  three  series 
are  derivable;  resolve  the  expressions  into  partial  fractions,  and 
give  the  general  term  of  each  series. 

1.  4  +  9aj  +  21aj»  +  51aj' + 

2.  l  +  lla;  +  89aj*+659a;'+ 

3.  l  +  3a;+lla;»+43aj»  + 

4.  Find  how  small  x  must  be  in  order  that  the  series  in 
Example  3  may  be  convergent. 

5.  Find  the  general  term  of  the  series 

3  +  11  +  32+84+ 

6.  Sum  the  following  series  to  n  terms, 

1  +  5  +  17  +  53+161  +  485  + 


7.  Find  the  general  term  of  the  series  10  +  14  +  10  +  6  +  ... 
and  the  sum  to  infinity. 

8.  Find  the  expression  from  which  the  following  series  is 
derivable,  and  obtain  the  general  term 

2-a  +  2a»-5a'+10a*-17a*+ 
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654.  Series  of  particular  kinds  have  been,  summed  Ir  the 
Chapters  on  arithmetical  progression,  geometrical  progression,  and 
recurring  series;  we  shall  here  give  some  miscellaneous  examples 
which  do  not  fall  under  the  preceding  Chapters. 

655.  To  find  the  sum  of  the  series  V+2'  +  3'+ +n\ 

"We  have  already  found  this  sum  in  Art  482 ;  the  following 
method  is  however  usually  given.     Assume 

where  A,  B,  G,  JD,  By are  constants  at  present  undetermined;* 

Change  n  into  w  + 1 ;  thus  ^ 

l«  +  2"+3«+ +w*  +  (w+l)"  =  ^+^(w  +  l) 

+  G{n  +  iy  +  JD{n  +  iy  +  I!(n  +  iy+ 

By  subtraction, 

n*  + 2w  + 1  =  5+ C(2w+ 1) +i>(3»' +  3w  + 1) 

+  ^(4w»  +  67j"+4w  +  l)  + 

Equate  the  coefficients  of  the  respective  powers  of  w;  thus 
Jff  =  0,  and  so  any  other  term  after  U  would  =  0 ; 

3j9=1;    32>  +  2(7  =  2;  i>  +  (7  +  ^=l; 

hence  ^^^3'      ^^2'     ^~6' 

Thus  r+2«  +  3'+ +w»='4  +  ^  +  ^'+^\ 

6      2       3 

To  determine  A  we  observe  that  since  this  equation  is  to  hold 
for  all  positive  integral  values,  of  n,  we  may  put  w  =  l;  thus 
^  =  0.     Hence  the  required  sum  is 

^w(n  +  l)(2n  +  l). 

The  same  method  may  be  applied  to  find  the  sum  of  the  cubes 
of  the  first  n  natural  numbers,  or  the  sum  of  their  fourth  powers, 
and  so  on.     See  also  Art.  666. 
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656.     Suppose  the  w*  term  of  a  series  to  be 
{an  +  b}  {a(w+ 1)  +  h}  {a{n  +  2)  +  5} {a(n  +  m  - 1)  +  6}, 

where  m  is  a  fixed  positive  integer,  and  a  and  b  known  constants; 
then  the  sum  of  the  first  n  terms  of  this  series  will  be 

{<mhb}{a{n+l)  +  b} {a(n  +  m-l)+b}{a{n-k-m)-hb}     ^ 

(m  +  1)  a  ' 

where  C  is  some  constant. 

Let  u^  denote  the  w'**  term  of  the  proposed  series,  S^  the  sum 
of  n  terms;  then  we  have  to  prove  that 

•     (m  +  l)a    •+* 

Assume  that  the  formula  is  true  for  an  assigned  value  of  n ; 
add  the  {n  +  1)^  term  of  the  series  to  both  sides;  then 

cf  cm  +  b  ^ 

that  IS,      /S,^i= 7 — -TT ^„+i-'^=-7 — TIT — ^«+«  +  ^ 

thus  the  same  formula  will  hold  for  the  sum  of  w  + 1  terms, 
which  was  assumed  to  hold  for  the  sum  of  n  terms.  Hence  if  the 
formula  be  true  for  any  number  of  terms  it  is  true  for  the  next 
greater  number:  and  so  on.  But  the  formula  wUl  be  true  when 
91  =  1  if  we  take  G  such  that 

„         a  +  6  >^.-i.»  a  +  6  ^ 

*      (W+I)a  -J      1      (7114.  i)a     «         ^ 

thus  G  is  determined  and  the  truth  of  the  theorem  established. 

Q.                              a(m  +  l)  +  b  , 

Smce  u^  =  — -^ 1 —  u,,  we  nave 

*        a{w  +  l)  a(m  +  l) 

_.  „        an  +  6  6w, 

Hence  «L  =  7 rr-w..,-7 ^J-r— . 

"     (m+l)a    •+»     (w  +  l)a 

Thus  the  sum  of  the  first  n  terms  of  the  proposed  series  is  ob- 


J 
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tained  by  subtracting  the   constant   quantity  — — i—    from   a 

(w  + 1)  a 

certain  expression  which   depends  on  n.      This   expression  is 

<mi-\-  h  11. 

/^— yr-w„+i;   we  may  also  put  this  expression  into  the  equi- 

a  (ii  +  m)  +  6 
valent  form  —. — —z. w^,   and  to  assist  the  memory  we  may 

observe  that  it  can  be  formed  by  introducing  an  additional  /actor 
at  the  end  of  w^,  a/nd  dividing  hy  the  product  of  the  nwmher  of 
factors  thus  increased  and  the  coefficient  ofn, 

657.     We  may  obtain  the  result  of  the  preceding  Article  in 
another  way.     As  before,  let  u^  denote 

{an  +  b}  {a{n  +  1)  +  6}  {a{n  +  2)  +  b} {a(n  +  m- 1)  +  6}, 

and  let  S^  denote  the  sum  of  the  first  n  terms  of  the  series  of 
which  u  is  the  n^  term. 

We  have 

a  (w  +  m)  +  6  amw_ 

=:_V L — u^  =  u  + Tl 

^+^  an  +  b         "       "     an  +  b' 

let  a/n  +  b=p;  thus 

change  n  into  n  —  l,  thus 

similarly, 

{p  -  2a}  (w  _,  -  u^J  =  amw^.„ 

{p  -  3a}  (t^„_,  -  w„_3)  =  amw^_3, 

{p  —  (n  —  1)  a}  {u^  —  Wj)  =  anm^. 
Hence,  by  addition, 

therefore  p  (w^^^  —  w,)  +  nau^^  =  amS^  +  aS^ ; 

,       «  rr       «w  +  ^  bu, 

therefore  S^  =  ;^ rr—  u,.  - 7 — -Vr— . 

(w+l)a   "**     {m+l)a 


u 
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658.     Suppose  the  »***  term  of  a  series  to  be  — ,  where  u^  is 

the  same  as  in  the  preceding  Article;  then  the  sum  of  the  first  n 

terms  of  this  series  wiU  be  -  ^-55!i±^+ a 

(m  —  1)  cm^ 

Assume,  as  before, 

"        (m  —  1)  au^ 
add to  both  sides,  then 


w.+i 


1  an-^h      ^^ 

__    1        a  (w  +  n)  +  6     ^ 
a(7i4-l)  +  6      ^ 

Hence,  as  before,  the  truth  of  the  theorem  is  established,  pro- 
vided C  be  such  that 

1  a  +  6         « 

+<7. 


Thus  C  = 


am  +  6  an  +  6 


and  ^S'^  = — ; . 

{m  -  1)  aui     (m  —  l)au^ 

This  result  may  also  be  obtained  in  the  manner  of  Art  657. 

659.  A  series  may  occur  which  is  not  directly  included  in 
the  general  form  of  the  preceding  Article,  but  may  be  decomposed 
into  two  or  more  which  are.  For  example,  required  the  sum  of 
n  terms  of  the  series 

3  4  5 

+ 


1.2.4,5     2.3.5,6     3.4.6.7 
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Here  tli«  n^  term 

n-f  2 (n  +  2)' 

""  w  (n  +  1)  (n  +  3)  (ri  +  4)  ~  w  (w  +  1)  (w  +  2)  {n  +  3)  (n  +  4) 

Now  (w  +  2)*  =  « (n  +  1)  +  3n  +  4;  thug  tke  «"*  term 

w  (/I +1)  + 3*1  +  4  __  1 

^n(n  +  l)(7i  +  2)(?*+3)(w  +  4)''  (n  +  2)(n  +  3)(7i  +  4) 

3 4 

'*"(w  +  l)(w  +  2)(7i  +  3)(w  +  4)"*"7i(»+l){7i  +  2)(n  +  3)(7i  +  4)* 

If  each  term  of  the  proposed  series  be  decomposed  in  this 
manner  we  obtain  three  scries,  each  of  which  may  be  summed 
by  the  method  of  the  preceding  Article ;  thus  the  proposed  series 
can  be  summed.     In  the  pi*esent  case  the  required  sum  is 

C  1 3 

3(»  +  S)(n  +  4)     3(»  +  2)(n  +  3)(n^4) 

4 

660.  Polygonal  Nwmbera,  The  expression  w  +  j7i(w—  l)6i8 
tke  snm  of  n  terms  of  an  arithmetical  progression,  of  which  the 
first  term  is  unity  and  the  common  difference  6.  If  we  make 
6  =  0,  1,  2,  3,  ...  we  obtain  expressions  which  are  called  the  gene- 
ral terms  of  the  2nd,  3rd,  4th, order  of  polygonal  nwmben 

respectively.    The  ^5^  order  is  that  in  which  every  term  is  unity. 
Thus  we  have 

1st  order,  n^  term  1;  series  1,  1,  1, 

2nd  order,  v!^  term  n\  series  1,  2,  3,  4^  5, 

3rd  order,  rl^  term  Jw(»  +  i);  aeries  1,  3,  6,  10,  

4th  order,  vi^  term  rf\  series  1,  4,  9,  16,  ...... 

Ifth  order,    ri^  term  ^^(3»-  1);  senes  1,  ^,  12,  2%  

and  so  on. 

The  numbers  in  the  2nd,  3rd,  4th,  5th, ......  teriei  havB  been 

ealled  respectiyely  linwvr^  triangiUcw,  eqwure^  perUagonal, 

T.  A.  26 
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661.  The  n^^  term  of  the  r**»  order  of  polygonal  numbers  is 

7i  +  ^n  (w-.l)(r-2); 
the  sum  of  n  terms  of  this  series  is  (Art.  Q5^) 

n{n  +  l)     r  —  2   (w— 1)71(71+ 1) 
2        '^~2~'  3  ' 

or  in{n+l)  {(t--  2)  (n-^  1)  +  3}. 

Hence  for  triangular  numbers 

S^  =  in{n  +  l){n  +  2), 

for  square  numbera 

S^=in{n+l){2n  +  l), 
and  80  on. 

662.  To  Jmd  the  number  of  ccmnorirhcUls  in  a  pyramidal  heap, 

(1)  Suppose  the  bsise  of  the  pyramid  an  equilateral  triangle, 
let  there  be  n  balls  in  a  side  of  the  base;  then  the  number  of 
balls  in  the  lowest  layer  is 

7i+(7l-l)  +  (7l-2)  + +1, 

that  is,  the  triangular  number  ^n{n+l);  the  number  in  the 
next  layer  will  be  found  by  changing  n  into  7i  —  1 ;  and  so  on. 
Hence,  by  Art.  660,  the  number  of  all  the  balls  is 

^n(n  +  l)(n  +  2), 

(2)  Suppose  the  base  of  the  pyramid  a  square;  let  there  be 
n  balls  in  a  side  of  the  base;  then  the  nimiber  of  balls  in  the 
lowest  layer  is  n%  in  the  next  layer  (n  —  1)*,  and  so  on.  The 
number  of  all  the  balls  is 

\n{n  +  \){2n+l). 

Similarly  we  may  proceed  for  any  other  form  of  pyramid. 

We  may  see  from  this  proposition  a  reason  for  the  terms 
tria/ngvlar  number^  square  number,  

If  the  pile  of  cannon-balls  be  incomplete,  we  must  first  find 
the  number  in  the  pile  supposed  complete,  then  the  number  iu 
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the  lesser  pile  which  is  deficient,  and  the  difference  will  be  the 
number  in  the  incomplete  pile. 

663.  A  question  analogous  to  that  in  Art,  662  arises  when 
we  have  to  sum  the  balls  in  a  pUe  of  which  the  base  is  rectangidar 
but  not  square.  In  this  case  the  pile  will  terminate  in  a  single 
row  at  the  top;  suppose  p  the  number  of  balls  in  this  row;  then 
the  n^  layer  reckoned  from  the  top  has  p  +  n  —  1  balls  in  its 
length  and  n  in  its  breadth,  and  therefore  contains  n(jp  -^n  —  l) 
balls.     Hence  the  number  of  balls  in  n  layers  is 

n(n+l)        (n-l)7i(w+l)  ,     ,       ,.  ,„ 

-^-2—p-^  3  ''     orin(7i  +  l)(3^  +  2^-2). 

If  n  be  the  number  in  the  length  of  the  lowest  row,  w'=^  +  w  —  1, 
and  the  sum  may  be  written 

•Jn(n  +  l)(37i'-w  +  l); 

as  71  is  the  number  in  the  breadth  of  the  lowest  row,  the  sum  is 
thus  expressed  in  terms  of  the  numbers  in  the  length  and  breadth 
of  the  base. 

664.  Figwrate  Numbers.  The  following  series  form  what  are 
called  the  different  orders  of  figurate  numhera, 

1st  order,     1,  1,  1,  1,  1, 

2nd  order,    1,  2,  3,  4^  5, 

3rd  order,     1,  3,  6,  10,  15, 


■  • 


the  general  law  is,  that  the  f^  term  of  any  order  is  the  sum  of 
n  terms  of  the  preceding  order.     Thus  the  n***  term  of  the  second 

order  is  w,  of  the  third  order  is  -\ — - — ,  of  the  fourth  order  is 

^      1    o  ^ ^»  *^^  generally  the  »*^  term  of  the  r***  order  is 

V-lL LllljL Z—Z,     This  we  may  prove  by  induction.     For, 

26—2 
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assuming  this  expression  for  tka  n^  term  of  the  r^  order,  we 
may  find  the  sam  of  the  first  ^  terms  <^  the  v^  order  by  the 
formula  of  Art.  656.  We  have  only  to  put  1  for  a,  0  for  6,  and 
r-- 1  for  m.     Hence  we  obtain  for  the  sum 

7i(w  +  l)(w+  2) (n  +  r-l) 

]r 

and  then,  by  definition,  this  is  the  expression  for  the  n^  term 
of  the  (r  +  1)    order. 

665,  "We  have  already  shewn  that  the  Binomial  Theorem 
may  be  sometimes  applied  to  find  the  sum  of  a  series  (see  Art.  ^27); 
we  giv«  another  example.     Find  the  sum  of  the  series 

where     Q^  =  r(r  +  l)(r+2) (»'  +  f-l)> 

and        P^=(7i-r)(7*-r+  1)(»  — r  +  2) (n-r+p  —  l). 

We  caa  see  that 

Q^-  H  ^  *^®  coefiioient  <^  tf^  in  the  series  for  (1  —  «)""<***>, 
and  P^=  \p  X  the  coefficient  of  a"~'~^  in  the  series  for  (1  —  as) "■**'*. 

Hence  we  have  so  far  as  terms  not  higher  than  a?""', 

(l-a:)-w^^>=M«,  +  (?.a;  +  (?3a:'  +  (?y+ J, 

(l><^-)=i|p.,+P.,«  +  P_3«»  +  P.,x'+ }. 

Therefore  the  series  which  we  have  to  sum  is  equal  to  the 
product  of  h?  |£  into  thfe  coefficient  of  a:"~*  in  the  expansion  of 
the  product  of  (l-a)"*'"^'^  and  (1  --a?)-^"-'*;  that  is,  the  eeries  is 
equal  to  the  product  of  [^  [^  into  the  coefficient  of  af~'  in  the 

expansion  of  (1  —  a;)"^"^'***.     Hence  the  series  is  equal  to 

\p  +  q-\-  i  \n-2 

666.  By  the  method  of  Art  655  we  may  investigate  an  ex- 
pression  for  the  sum  T  +  2'  +  3'  + +  n',  where  r  is  any  posi- 
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tlve  integer.  Denote  this  sum  by  S ;  then  it  maf  be  shewn,  as 
in  Arts.  460  and  461,  that  S  can  be  put  in  the  form  of  a  genes 
of  descending  powers  of  n,  beginning  with  w'**,  and  all  we  have 
to  do  is  to  determine  correctly  the  coefficients  of  the  various 
powers  of  n.     Assume  that  S  = 


It  is  convenient  to  represent  the  coefficients  in  the  manner 
here  exhibited ;  thus  instead  of  a  single  letter  for  the  coefficient 

of  w*"*  we  use  the  sjrmbol  h^i>  ^^^  ^^  ^^«  ^6  shall  now  pro- 
ceed to  determine  the  values  of  A^,  A^,  A^^  .,....;  and  it  will  be 
found  that  these  quantities  are  independent  of  r  as  well  as  of  n. 

In  the  assumed  identity  change  n  into  n  + 1 ;  thus 

+^^^f^^.(^+ir"+ 

Therefore,  by  subtraction, 
{n  +  lY=G{{n+ 1)'+'  -«'+'}  +  ^.  {(»  + 1)'  -  n'} 


Expand  all  the  expressions  {n  + 1/*',  (n  +  1)',  (n  + 1  )''"*,  * 

by  the  Binomial  Theorem ;  and  then  equate  the  coefficients  of 
the  various  powers  of  n.  Thus,  by  equating  the  coefficients  of  n', 
we  have 

then^  by  equating  the  coefficients  of  n'"*,  we  have 

(7(r  +  l)r      . 
r^^-^^-^A^t; 

thus  C  = .     -4  =  — . 

;,  r+1'         <»     1i 
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Equate  the  coefficients  of  n-'"',  putting  for  C  and  A^  their 
values ;  thus  we  shall  obtain  generally 


■*■  [5  [,p-4 ■*■ * 

where  the  series  on  the  right-hand  side  extends  as  far  as  the  term 
involving -4^_^  inclusive;  and  by  putting  for  p  in  succession  the 

values  2,  3,  4, we  determine  in  succession  A^y  A^,  A^y  ; 

and  we  see  that  these  quantities  are  independent  of  n  and  r. 

1                            11 
We  shall  obtain  ^,  =  g,  il,=  0,  ^3=-^»  <=0>  "^'^"42' 

It  is  remarkable  that  all  the  coefficients  with  even  suffixes 
A^y  A^yA^y  are  zero;  this  can  be  proved  as  follows. 

In  the  original  assumed  identity  change  n  into  n—\y  and 
subtract;  thus 

Equate  the  coefficients  of  w'"',  putting  for  G  and  A^  their 
values;  thus 

1  1  ^.  il»  A. 

+ 


^     b  +  1      2|£^12|^      [3|/-2^[4|/-3 

-_ d^  + 

L6[p--4 

The  result  formerly  obtained  may  be  expressed  thus. 


[p  +  l      2|^      [2[;)-l      [3|p-2      |4|p-3 
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Hence,  by  subtracting  and  putting  for  p  in  succession  the 
Values  3,  5,  7, we  shew  in  succession  that  zero  is  the  value 
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1.  Shew  that  the  sum  of  the  first  n  terms  of  the  series  of 

which  the  w*^  term  isn{n  +  l)(n  +  2) (»  +  m  -  1)  is  obtained 

by  placing  one  more  factor  at  the  end  of  this  expression,  and 
dividing  by  the  number  of  factors  so  increased. 

2.  Give  the  rule  for  summing  the  series  of  which  the  n^ 
term  is  the  reciprocal  of  w- (**+  1)  (7*  +  2) i  (n  +  m—1). 

Sum  the  following  five  series  to  n  terms,  and  also  to  infinity. 

o        1  1  1  1 

•^'     1.2"*"273'^37I"*"4:5"^ 


4. 


1  1  1 


1.3.5     2.4.6     3.5.7      4.6.8 


1  1  1  1 

'^-     174'^2.5'*"3.6"*"4:7"^ 


6. 


7. 


1  1  1 


2.4.6     4.6.8     6.8.10     8.10.12 
4  ■  7  10  13  - 


2.3.4     3.4.5      4.6.6     5.6.7 

8.  Sum  to  w  terms  1  +  3  +  6  +  10+ 

9.  K  %  be  even,  shew  that 

0/       i\     0/       ov                 w/^     i\     w(7i+l)(ri  +  2) 
n  +  2(7i-l)  +  3(7i-2)+ -^2\2'^^)^      12 

10.  Sum  to  n  terms  a*  +  (a  + 1)*  +  (a  +  2)*  + 

11.  Sumtow  terms  1"+ 2*a6+3V  +  4V+ 

12.  If  the  terms  of  the  expansion  of  {a  +  5)"  be  multiplied 

respectively  by  - ,   —5—  >        «    ,  ,  w  being  a  positive  integer, 

find  the  sum  of  the  resulting  series. 
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13.  Expand  — r^ in  a  series  of  ascending  powers  of  «, 

and  shew  that  the  coefficient  of  of  is    ^ 

I    IF         E —    II ]■ 

14.  Find  the  coefficient  of  afy"  in  the  expansion  of 

x(l  —  ax) 
(l-a;)(l  "(m^by)' 

15.  Shew  that 

2n     2n(2n-^2)     2w  (2w  +  2)  (2w  +  4) 

"a"*"     3.6     ■*■         37679        ■*■ 


=  ^  V"*"3"'-T7r  ^ 37679 -^ )• 

16.     If  p^  denote  the  coefficient  of  a;'  in  the  expansion  of 
(1  +  x)',  •where  «  is  a  positive  integer,  shew  that 

i>.      Pi       Pt      """    P,-i         1'2     ' 

(p.+^.)0>.+p^ (p.-.-^p.)=^-^--^^"^'^'; 

i>.-^+^- ^t^r^^iA^l^ +1. 

^*     2       3  »  2     3  n 

(1          \"        «" 
1 — ^  —  1 )  =  71 r. 

that 

w(w  +  l) (w.+p-l)     n    (»-l)......  (w+p-2) 

j^  r*  j^ 

7i(7i-l)    (7J-2) {n+p^Z) 

1.2  \p 

is  2ero  when  n  and  p  are  positive  integers  and  n  greater  than  p. 

18.     If  shot  be  piled  on  a  triangular  base,  each  side  of  which 
exhibits  9  shots,  find  the  whole  number  contained  in  the  pila 
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19.  What  number  of  shot  is  contained  in  5  courses  of  an 
unfinished  triangular  pile,  the  number  in  one  side  of  the  base 
being  15? 

20.  The  number  of  balls  contained  in  a  truncated  pile  of 
which  the  top  and  bottom  are  rectangular,  is 

I  {2p"+ 3  (w -I- %- l)p  +  6w7i  -  3w  -  3/1+ 1}, 

where  m  and  n  represent  the  number  of  balls  in  the  two  sides  of 
the  top,  and  p  the  number  of  balls  in  each  of  the  slanting  edges. 

21.  Shew  that  1*+  2*+  3*+ +to* 

n^     n^     n^      n       n  ,       ,.  ,.       nx /a  «     n       ^v 
=  5^2~■*■3■'30"30^'*■^^)(^'*■*■^^(^'*■*■^'*"^>• 
22.     Prove  that 

(1  +  aw)  (1  +  a?v)  (1  +  a?v) (1  +  afv) 

1-0^  (l-af)(l-af-^)    3  , 

l-o;  (1  — a;)(l-a;) 

(1-^)  (1-^-^)  (1  -  ajP- *)    fl  s 
^     (l-aj)(l-a;')'(l^««)""^''  "^  ••••"• 

33.     The  coefficient  of  a;''  in  the  expansion  of 

(1  +  x)  (1  +  ex)  (1  +  c*a)  (1  +  c^x) 

the  number  of  factors  being  infinite  and  c  less  than  unity,  is 

M-'^ 

(l-c)(l-c-)(l-c«) (l-cO* 

24.  If  A^  be  the  coefficient  of  a*"  in  the  expansion  of 

(l  +  aj)»^l+|^  (l+l?)  n+^V.---«3?t^>?mtMm, 

2>  1072 

prove  that        A^  =  ^^r;-^  {A^^^  +  ^^_^),  and  that  A^  =  -^^  • 

25.  If  n  be  any  multiple  of  3,  prove  that 

1     u     ,x.(^-2)(7.-3)     (7.~3)(7^-4)(n-5)  _ 
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LI.    INEQUALITIES. 

667.  It  is  often  useful  to  know  which  is  the  greater  of  two 
given  expressions;  propositions  relating  to  such  questions  are 
usually  collected  under  the  head  Inequalities. 

We  say  that  a  is  greater  than  b  when  a  — 6  is  a  positive 
quantity.     See  Art.  95. 

668.  An  inequality  will  still  Iwld  after  the  same  quantity  has 
been  added  to  each  member  or  taken  from  each  member. 

For  suppose  a  >  6, 

therefore  a  —  5  is  positive, 

therefore   a^c  —  {b^c)  is  positive, 

therefore  aa=c>6=*=c. 

Hence  we  may  infer  that  a  term  may  be  removed  from  one 
member  of  an  inequality  and  affixed  to  the  other  with  its  sign 
changed, 

669.  If  the  sign^s  of  all  iM  terms  of  an  inequality  be  cha/nged 
iJie  sign  of  inequality  mibst  be  reversed. 

For  to  change  all  the  signs  is  equivalent  to  removing  each 
term  of  the  first  member  to  the  second,  and  each  term  of  the 
second  member  to  the  first. 

670.  An  inequality  will  still  Iwld  after  each  member  has  been 
multiplied  or  divided  by  the  sams  positive  quantity. 

For  suppose  a  >  5,  therefore  a  —  5  is  positive,  therefore  if  w  be 
positive  m(a  — 6)  is  positive,  therefore  ma>mb;  and  similarly 

—  (a  —  6)  is  positive,  and  —  >  — . 
m  I       ^  mm 

In  like  manner  we  can  shew  that  if  each  member  of  an  ine- 
quality be  multiplied  or  divided  by  the  same  negative  quantity, 
the  sign  of  inequality  must  be  reversed. 
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671.  If  a>6,  a'>&',  a">5", then 

a+a +a"+ >h  +  6' +  6"+ 

For  by  supposition,  a  —  h,  a—  h\  a"  —  6", are  all  positive ; 

therefore  a  —  6  +  a'  —  6'  +  a"  —  6"  + is  positive ;  therefore 

a  +  a-¥a'+ >6  +  6'  +  6"+ 

672.  If  a > ft,  a'>  h\  a' >}>\ and  all  the  quantities  are 

positive,  then  it  is  obvious  that  aaV >  hW 


L'r// 


673.  If  a  >  6,  and  a  and  h  are  positive,  then  a"  >  6",  where  n 
is  any  positive  quantity. 

This  follows  from  the  preceding  Article  if  w  be  an  integer.    If  n 

he  fractional  suppose  it  =  - ;  let  a^  =  h  and  l^  =  k;  then  A  is  >  ^, 

i_      1 
and  we  have  to  prove  that  h^>k^ ;  this  we  can  prove  indirectly; 

11  1       i_ 

for  if  h'^k';  then  h  =  k,  and  if  J^  <:  k%    then   h<k;   both    of 

1       1 
these  results  are  false;  hence  we  must  have  h^  ^k'. 

If  7»  be  a  negative  quantity,  let  w  =  —  m,  so  that  m  is  positive ; 

then   -=:<,—  ;  that  is,  a"  <  b\ 
a       0 

674.  Let  7^,   T-*,   7^,...T^  be  fractions  of  which  the  de- 

^       K      K  ^n 

nominators  are  all  of  the  same  sign,  then  the  fraction 

a^  +  aj  +  ag+ +a^ 

lies  in  magnitude  between  the  least  and  greatest  of  the  fractions 

»!        Og       «8  2" 

^'   h/   K""bJ 

For  suppose  t^,   t^,   jfy'-f-  to  be  in  ascending  order  of 

magnitude,  and  suppose  that  all  the  denominators  are  positive; 
then 
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r^  >  T^ ,  therefore  a.  >  ft.  x  r-' : 

and  so  cm; 
therefore,  by  addition. 


iherefor« 


6, +  6, +  63  + +5*"*  6/ 


Similarly  ve  may  prove  that 


<^,4-g^  +  g^+ -fo^     a^ 


In  like  manner  the  theorem  may  be  established  when  all  the 
denominators  are  supposed  negative. 

If  r^  =  v^  =  T^=  ...,  then  each  of  these  fractions  is  eqtud  to 

the  fraction  whose  nnmerator  is  the  sum  of  the  numerators  and 
denominator  the  sum  of  the  denominators. 

675.     Since  {x  -  yf  or  »*  —  2xy  +  y*  is  a  positive  quantity  or 
zero,  according  as  x  and  y  are  unequal  or  equal,  we  have 

the  inequality  becoming  ^n  equality  when  d;  =  y.     Hence 

that  is,  the  arithmetic  mean  of  two  quantities  is  greater  than  the 
geometric  mean,  the  inequality  becoming  an  equality  whea  tiw 
two  quantities  are  equaL 
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676.     Let  i^re  be  n  positive  quantities,  a,  b^  e,  ,..k;  t^ea 

/a  +  6-f  c+ ... +A\"      t        7 
/ j  >a6c  ...  k, 

unless  the  n  quantities  are  all   equal,  and  then  the   inequalitj 
beoomea  an  equality. 

0  ,   ,     /a  +  6    c  +  dy 

tnererore  abed  <  (  — --  .  — - —  j  : 

\   '^         t    J 

ana  __._-<|  ^  y 


therefore  cihcd 


V        4        y'' 


By  iMTOceeding  in  this  way  we  can  shew  that  if  p  be  any  posi- 
tive inteigral  power  of  2, 

ahcd . ..  (p  factors) <  f ^  j  . 

_ -.       -  .                          -  ,  ^  a  +  &-f  c  +  c?-f  ...  (ti  terms)     ,        . 
Now  let  «  =  w  +  r,  and  let  ^ -=^U  and 

suppose  each  of  the  remaining  r  quantities  out  of  the  p  quantities 
to  be  equal  to  ^;  we  have  then 

j      ;  that  is,  <'r*'j 

therefore  abed ,..  \rh  factors)  <  r ;  that  is,  <  ( j . 

Thus  the  theorem  is  proved  whatever  be  the  number  of  quan- 
tities Oy  hy  €,  d, ...  The  inequality  becomes  an  equality  when  all 
the  n  quantities  are  equal. 

We  may  also  write  the  theorem  thus, 

>(a6ca...)  ; 

by  extending  the  signification  of  the  terms  arithmeticcU  mean  and 
geometriecU  mean,  we  may  enunciate  the  theorem  thus;  the  anrith^ 
fnetiecd  m^an  of  any  numher  of  positive  qiuimtities  is  greater  than 
the  geometrical  mea/n. 
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677.  The  following  proof  of  the  theorem  given  in  the  pre- 
ceding Article  will  be  found  an  instructive  exercise. 

Let  P  denote  (abed h)*,  and  Q  denote — . 

'  n 

Suppose  a  and  b  respectively  the  greatest  and  least  of  the  n 
quantities   a>   b,  c,   d, k;    let    ai  =  b^  =  ^{a  +  b),   and  let 

P,  =  (afi^cd ^)" ;   then  since  afi^  >  a6,  we  have  P^  >  P.     Next 

if  the  factors  in  Pj  be  not  all  equal,  remove  the  greatest  and  least 
of  them,  and  put  in  their  places  two  new  factors,  each  equal  to 
half  the  sum  of  those  removed ;  let  P^  denote  the  new  geometrical 
mean;   then  P^^P^     If  we  proceed  in  this  way,  we  obtain  a 

series  P,  P^,  P^,  Pg, P^,  each  term  of  which  is  greater  than 

the  preceding  term;  and  by  taking  r  large  enough,  we  may  have 
the  factors  which  occur  in  P^  as  nearly  equal  as  we  please ;  thus 
when  r  is  large  enough,  we  may  consider  P^=  §;  therefore  P  is 
less  than  Q, 

678.  "We  will  now  compare  the  quantities 

a^  +  ft"* 


and 


(m- 


2 
"We  suppose  a  and  b  positive,  and  a  not  less  than  b. 

m  (m - 1 )  (m-2)(m-3)  fa  +  6\"-*  /a - b\^  \ 

•^  \i  \rj   KTj ■" r 

Since  — ^r—  is  less  than  —^r-,  the  series  is  convergent  (Art 

6Qi\  so  that  we  have  a  result  which  is  arithmetically  intelligible 
aiid  true.   Hence  if  m  be  negative  or  any  positive  integer^  it  follows 

that  — ^ —  >  (—9-)  .     If  m  be  positive  and  less  tlwm,  unitf/, 

<  ( — —  )  .     It  remains  to  consider  the  case  in  wbicb  m 

2  \   2    / 


n 
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is  positive  and  grecUer  than  unityy  hut  not  an  integer.     Suppose 

p  11' 

m  =  - ,   where  i?  is  >  g',   and   let   a  =  a',   /8  =  6«,   A=  aF,   B  =  fi'. 

Then 

a'+ft'.  /a  +  hV 

-^is>or<^-^j, 

according  as  — — ^  is  >  or  <  ( — — ^  ) ; 


that  is,  according  as  f — 9"^)  i 


a'+jS' 


IS  >  or  < 


o      ^ 


that  is,  according  as  f — - — j 


q  9  7 

IS  >  or  <  — - — 


"We  know  by  what  has  already  been  proved,  that  the  expres- 
sion on  the  left  hand  side  is  the  greater,  since  —  is  positive  and 

less  than  unity;  hence  — - —  is  >  (—7^ — j    when  m  is  positive 
and  greater  than  unity. 


a'"-*-6'"  +  c"*+ +  Iir     /a-^b  +  c-]' +  M" 

> 


679.     Let  there  be  n  positive  quantities  a,  6,  c, k;  then 

/a-^b  +  c-]' +K* 

V        ^ir-     ) 

when  m  is  negative,  or  positive  and  greater  tha;n  unity;  but  the 
reverse  holds  when  m  is  positive  and  less  than  unity.  The 
inequality  becomes  an  equality  when  all  the  n  quantities  are 
equal. 

This  may  be  proved  by  a  method  similar  to  that  used  in 
Art.  676.  We  will  suppose  m  negative,  or  positive  and  greater 
than  unity.     Then 
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therefore         a-  +  6-+<r+<i->  2{(^y+(^)"l 


therefore         -, > 


V    i    ;  • 


By  proceeding  in  tliiB  way  we  can  establish  the  theorem  in 
the  case  where  the  number  of  quantities  ia  p^  if  p  be  any  positive 
integral  power  of  2.  Now  let  j?  =  w  +  r,  and  let  the  last  r  of  the 
p  quantities  be  all  equal,  and  each  equal  to  t,  a&j,  where 

a  +  h-\-c  + (n  terms)  ^ 


therefore 


n 
ar-hir  +  d^+ /a+  6  +  C+ N*" 


-^[ — r^ — )' 


therefore        «'"  +  6*  +  c'"+ +rr>(w  +  r)r  j  ; 

thatifl,  >(n  +  r)r; 

therefore  0*  +  5*  +  c"+ >  TiT; 

which  was  to  be  proved. 

In  a  similar  way  we  may  establish  the  rest  of  the  theorem, 
namely,  that  when  m  is  positive  and  less  than  unity  the  reverse 
holds. 

The  theorem  of  this  Article  may  also  be  established  by  a 
method  similar  to  that  used  in  Art.  677. 

680.  The  following  three  examples  will  illustrate  the  subject 
of  Inequalities,  and  furnish  results  of  some  interest 

-     ^^         1.3.5 (271-1)       .         3.5.7 (3W  +  1) 

L     Ifw= — ,,    .    r. — ^-^ — '  and  t?,=  ^— ^ — '- , 

•         15.4.6 2n  "        2.4.6 2n 

then  when  n  is  infinite  u  is  zero,  v  is  infinite  and  uv^  is  finite. 
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^    /  13    5  2ji-1 

We  have  u^  =  ^,  j.  ^ -^^  (1); 

therefore,  by  Art.  376, 

2    4    6  2n 

"•^3- 5- 7 2sr7r ^^^• 

Therefore,  by  nmltiplication,    «*,*<o =-. 

Hence,  by  increasing  n  we  can  make  u^  less  than  any  assigned 

quantity. 

a-     1    1                   *     3    5    7           2w  + 1  ,^, 

Similarly,  ^»  =  2-4-6 "2;r  ^^>' 

therefore,  by  Art.  376, 

4    6    8  2n-i-2  ,,, 

^-"3-5-7  2i^l  W- 

Therefore,  by  multiplication,   t?/> — - —  ,  that  is,  >n  +  l. 

Hence,  by  increasing  n  we  can  make  v   greater  than  any  as- 
signed quantity. 

Lastly,  by  (1)  and  (4)  we  see  that 

t*.t>.  >  2  2yt  +  l '  *^^*  ^®'  ^ 2n+l '  ^^  therefore,  a/ortwriy  > -  ; 
and  by  (2)  and  (3)  we  see  that  ujy^  <  1. 

Hence  ujo^  lies  between  ^  and  1,  and  is  therefore  finite. 
II.     If  m,  n,  a  are  in  descending  order  of  magnitude,  then 

For  take  the  logarithms  of  both  sides;  thus  we  have  to  compare 
m  log  — .  with  n  log 

and  the  first  of  these  is  less  than  the  second.     Hence  the  required 
residt  follows^ 
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UL     Let  there  be  n  positive  quantities  a,  b,  e, i;  then 

( ^ ;  i8<aJc i, 

unless  the  n  quantities  are  equal,  and  then  the  inequalitj  becomes 
an  eqnalitj. 

Let  there  be  two  unequal  quantities  a  and  (j   we  have  to 
shew  that 

Suppose  a  greater  than  &;  let  a  =  c-hXj     h^c  —  x. 
We  have  to  shew  that    (l+*)      {} — )       is  >  1, 


that  is,  that 


O-?)0-'- 


or  that  (1  —  2^  f  ;| j  is  >  1,     where  « =  -  . 

Now  the  logarithm  of  f  t^^  (1  -  «*)  ^ 

and  this  is  a  positive  quantity;  and  as  the  logarithm  is  positive 
the  expression  is  greater  than  unitj. 

The  demonstration  is  then  extended  to  the  case  of  three  or 
more  quantities  by  a  method  similar  to  that  used  in  Art.  677. 

The  problems  in  the  next  three  Articles  are  analogous  to  the 
subject  considered  in  the  present  Chapter. 

681.  Divide  a  given  number  2a  into  two  parts,  such  that 
their  product  shall  have  the  greatest  possible  value.  Let  x  denote 
one  part  and  2a  — x  the  other  part,  and  let  y  denote  the  product; 
then  we  have  to  determine  x  so  that  y  may  have  the  greatest 
possible  value.  Since  y  =  x  (2a  —  as),  we  have  a?  —  2aa5  +  y  =  0 ; 
therefore  x  =  a^  J{a*  —  y).  Thus  since  x  must  be  real  y  cannot 
be  greater  than  a',  and  x  =  a,  when  y  =  a\ 
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682.  Divide  a  given  number  2a  into  two  parts,  such  that  the 
sum  of  their  square  roots  shall  have  the  greatest  possible  value. 
Let  X  denote  one  part  and  2a —  x  the  other  part,  and  let  y  denote 
the  sum  of  the  square  roots  of  the  parts;  then  we  have  to  deter- 
mine X  so  that  y  may  have  the  greatest  possible  value. 

Since  ^/»  +  ^(2a  -  a)  =  y, 

2a-a;  =  (y-^a;)*  =  2^-2y^aj  +  iB, 
and  2aj-2y  ^a;  +  y"-2a  =  0; 

therefore  ^«,  =  |*^AllzJ^. 

Thus,  since  Jx  must  be  real  j^  cannot  be  greater  than  4a, 
thus  2Ja  is  the  greatest  value  of  y,  and  x^a  when  y  =  2^a. 

sx^  +  a' 

683.  Find  the  least  value  which can  have  whatever 

X 

real  value  x  may  have. 

Put =  y,  thus  a*  -  ajy  +  a*  =  0  j  therefore 

Thus  f^  cannot  be  less  than  4a' ;  hence  2a  is  the  least  value 
of  y. 

Or  thus,  =a;  +  — ;   suppose  x  positive,   then  we  can 

X  X 

put  this  expression  in  the  form  (^x — -j-j  +  2a',  and  as  2a  is 
constant  the  least  value  of  the  whole  expression  will  be  obtained 
when  the  positive  term  (^x — j-j  vanishes,  that  is,  when  x  =  a. 

It  is  unnecessary  to  consider  negative  values  of  x^  because  — 

X 

has  the  same  numerical  value  when  x  has  any  negaiive  value  as 
when  X  has  the  corresponding  positive  value. 
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EXAMPLES    OF    INEQUALITIES. 

In  the  following  examples  the  symbols  are  supposed  to  denote 
positive  quantities;  and  the  inequalities  may,  in  certain  cases, 
become  egualitieSy  as  in  some  of  the  articles  of  the  text. 

1.  If  a,  5;  c  be  such  that  any  two  of  them  are  greater  than 

the  third, 

2(a5  +  5c  +  ca)>a*  +  6*+  c*. 

2.  If?  +  m'4-w*  =  l,  and  r  +  m"+n'=l,  then 

IV  +  mm  +  nn'  <.  1. 

3.  (o  +  6  -  c)*  +  (a  +  c  -  5)'  +  (5  +  c  -  a)'  :>ah  +  hc  +  ca, 

5.  ah  {a  -k-l^-^hcij}  -k- c)  +  caip-^- a):>  ^abc  and  < 2 (a**  +  6' +  c"). 

6.  {a  +  6)  (6  4-  c)  {c  +  a)>  Sabc. 

7.  Shew  that  jc'  —  8a;  +  22  is  never  less  than  6,  whatever 
may  be  the  value  of  x, 

8.  Which  is  greater,  2x^  or  re  + 1  ? 

9.  If  n  be  >  1,  then  x  +  —  is  >  1  +  - ,  if  aj  be  >  1,  or  <  -  . 

7LX  n  n 

10.  Find  the  lea.^t  value  of  ^"^  ^  ^)  (^  "^  ^)  , 

X 

11.  Divide  an  odd  integer  into  two  others,  of  which  the 
product  may  be  the  greatest  possible. 

12.  K  a  >  5,  then  J  {a'  -  6')  -f  ^{2ab  -V):>a. 

13.  If  a,  h,  c,  d  are  in  harmonical  progression,  a  +  c^>  6  +  c. 

14.  If  a,  5,  c  are  in  harmonical  progression  and  n  a  positive 

integer,  a*  +  c'':>  26". 

X  -^  a  X  ^  b 

15.  If  a  >  5,  shew  that  —j—z jr  is  >  or  <  -rj~- — r=r ,  accord- 

J(x'  +  a')  J{x*-hby 

ing  as  a;  is  >  or  <  J{ab), 

16.  If  a,  b,  c,  or  b,  c,  a,  or  c,  a,  b  are  in  descending  order  of 
magnitude,  a'b  +  6*c  +  c'a  >  a*c  +  6'a  +  c'b ;  if  they  are  in  ascending 
order  of  magnitude,  a%  +  6*c  +  c'a  <  a'c  +  6*a  +  c^b. 
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18.  3  (a"  +  y  +  c")  >  (a  +  5  +  c)  (a5  +  5c  +  ca). 

19.  9abc  <  (a  +  6  +  c)  (a*  +  &•  +  c^. 
w-l 


20. 


-2-(a,+a,+  a3+...  +  aJ>VKaJ+V(a,aa)  +  V(a,a3)  + 


21.  The  difference  between  the  arithmetic  and  geometric 
mean  of  two  quantities  is  less  than  one-eighth  of  the  squared 
difference  of  the  numbers  divided  by  the  less  number,  but  greater 
than  one-eighth  of  such  squared  difference  divided  by  the  greater 
number. 


22. 


l^"(^)' 


23.  [n  >  n\ 

24.  1.3.5...(2n-l)<n*. 

26.  a*  +  6*  +  c*  >  a5c  (a  +  6  +  c). 

27.  8(a'+y  +  c')>3(a  +  6)(6  +  c)(c  +  a). 

^^       2a         2b         2c       ^ 

28.  T -f + i  >  3. 

6  +  c     a-{-c     a  +  6 

29.  (a  +  5  +  c)'>27a6cand  < 9  (a*  +  6' +  c'). 

30.  If  jp  and  ^  be  each  less  than  unity, 

iog.(i-?)       gCi-i*)  ? 

31.      3  +  Z8  +  -a+ +__«=«  +  _!LM  +  -iJ  >  n. 


a,     a,     ^4 


«.-!         «•        «• 


l-o* 
32.     If  a  and  05  both  lie  between  0  and  1,  then  -= >  x. 
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LIL    THEORY   OF  NUMBERS. 

684.  Throughout  the  present  Chapter  the  word  nuwher  is 
used  as  an  abbreviation  for  positive  integer, 

685.  A  number  which  can  be  divided  exactly  by  no  number 
except  itself  and  unity  is  called  a  prime  number,  or  shortly  a  prime. 

686.  Two  numbers  are  said  to  be  prime  to  each  other  when 
there  is  no  number,  except  unity,  which  will  divide  each  of  them 
exactly.  Instead  of  saying  that  two  numbers  are  prime  to  each 
other,  the  same  thing  is  expressed  by  saying  that  one  of  them  is 
prime  to  the  other. 

687.  1/  a  number  p  divides  a  prodiict  ab,  and  is  prime  to  otu 
factor  a,  it  must  divide  the  other  factor  b. 

Suppose  a  greater  than'^'  j  perform  the  operation  of  fLnding 
the  greatest  common  measure  of  a  and  p;  let  q,  q,  g^',  .-•  be  the 
successive  quotients,  and  r,  /,  /',.••  *^®  corresponding  remainders. 

Thus  a=pq-{'r,  p^rq+r,  r^rq  -\-r\ 

multiply  each  member  of  each  of  these  equations  by  6,  and  divide 
by  p\  thus 

ah     ^       br.br,     br'     br     br       „     br' 
—  =  ()q  +  —      5  =  — xg+  —  ,    — =  —  xq  +  —  .... 
p  p  p  p       p       p  p 

nh 

Since  —  is  an  integer,  it  follows  from  the  first  of  these  ecjua- 
/^ 

br .        . 
tions  that  —  is  an  integer;  then  from  the  second  of  these  equations 

br   ,  .  .       5/' 

—  is  an  integer:  then  from  the  third  —  is  an  integer :  and  so 

p  °  p  '^    ' 

on.     But,  since  a  and  p  are  prime  to  each  other,  the  last  of  the 

remainders  r,  /,  /', ...  is  unity;  therefore is  an  integer;  that 

is,  6  is  divisible  by  p. 

688.  When  the  numerator  and  denominator  of  a  fraction 
are  prime  to  each  other  the  fraction  cannot  be  reduced  to  an  equi- 
valent fraction  in  lower  terms. 
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Q 


Suppose  that  a  is  prime  to  5,  and,  if  possible,  let  j  be  equal 
to  77 ,  a  fraction  in  lower  terms.     Since  t  =ttj  we  have  a'  =  -,-  : 

O  0        0  0 

therefore  h  divides  ah';  bnt  h  is  prime  to  a,  therefore  h  divides  h' 
(Art.  687);  but  this  is  impossible,  since  6'  is  less  than  h  by  sup- 
position. Hence  j-  cannot  be  reduced  to  an  equivalent  fraction 
in  lower  terms. 

689.  If&is  prime  to  b,  cmd  r  =  r?  >  then  a'  and  V  must  be  the 
saToe  multiples  of  a  and  b  respectively. 

Since  -p  =T}  we  have  a'  =  —  ;  but  5  is  prime  to  a,  therefore 

b  divides  6';  hence  V  =  nbj  where  n  is  some  integer;  therefore 
a  =  na, 

690.  1/  a  prima  numher  p  divides  a  product  abed...  it  must 
divide  one  of  the  factors  of  that  product. 

For  since  ^  is  a  prime  number,  Up  does  not  divide  a  it  is  prime 
to  it,  and  therefore  it  must  divide  bed. . .  (Art.  687).  Similarly,  if 
p  does  not  divide  5,  it  is  prime  to  it,  and  therefore  it  must  divide 
cd. . .  By  proceeding  in  this  way  we  shall  prove  that  p  must  divide 
one  of  the  factors  of  the  product. 

691.  If  a  prime  number  divides  a'*,  where  n  is  any  positive 
integer,  it  must  divide  a. 

This  follows  from  the  preceding  Article  by  supposing  all  the 
factors  equal. 

692.  If  a  number  n  is  divisible  by  p,  p',  p", ...  and  each  of 
tliese  divisors  is  prime  to  all  the  others,  n  is  also  divisible  ty  the 
product  -pp'p''  •  •  • 

For  since  n  is  divisible  by  p,  we  have  n  =p(l^  where  q  is  some 
integer.  Since  p'  divides  pq  and  is  prime  to  jp,  p  must  divide  q  \ 
hence  q—pq^  where  q  is  some  integer;  thus  n—pp'q,  and  is 
therefore  divisible  by  pp.  By  proceeding  thus  we  may  shew  that 
n  is  divisible  by  ppp"  ^ . . 
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C93.     If  a  aikd  b  ie  eoKik  of  them  prime  to  c,  then  ab  is  prime 
to  c. 

For  i£  ahis  not  prime  to  c,  suppose  ab  =  nr  and  c-ns,  where 
n,  r,  and  a  are  integers;  then^  since  a  and  (  are  prime  to  c^  they 

Ct       T 

are  prime  to  rw,  and  therefore  to  w;  but  a6  =  nr,  therefore  -  =  t  ; 

therefore  6  is  a  multiple  of  n  (Art.  689).  Hence  6  is  both  prime 
to  n  and  a  multiple  of  n,  which  is  impossible.  Therefore  ab  is 
prime  to  c. 

694.  i/*a  flwui  b  ar«  p-iwe  to  each  other,  a"  anc?  b"  are  prime 
to  each  other;  m  a/nd  n  (am^  any  positive  integers. 

For  since  a  is  prime  to  (,  it  follows  that  a  x  a  or  a'  is  prime 
to  h  (Art.  693);  similarly  a^  xa  or  a'  is  prime  to  (;  and  so  on; 
thus  oT  is  prime  to  (.  Again,  since  cT  is  prime  to  6,  it  follows 
that  a*  is  prime  to  (  x  6  or  5';  and  so  on. 

> 

695.  No  rational  integral  algebraical  formula  can  repreeeWt 
prime  numbers  only. 

For,  if  possible,  suppose  that  the  formula 

represents  prime  numbers  only;   suppose  when  x  =  m  that  the 
formula  takes  the  value  p^  so  that 

p ^a-^-bm  +  cm' ■\- dm* ■\- ... 

Put  for  Xf  in  the  formula,  m  +  np,  and  suppose  the  value  then  to 
be^;  thus 

p'=s  a  +  6  (w  +  np)  +  c  (w  +  np)'  +  rf(w»  +  np)'+  ... 

=  a  +  bm  -h  em*  -^  dm*  + +Jf  (jt>) 

=p  +  if(;?), 

where  ^{p)  denotes  some  multiple  of  p;  thus  p^  is  divisible  by  j9, 
and  is  therefore  not  a  prime. 
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696.  The  number  of  pHme  numbers  is  injmite. 

For  if  the  number  of  prime  numbers  be  not  infinite,  suppose  p 
the  greatest  prime  number;  the  product  of  all  the  prime  numbers 
up  to  Pi  that  is,  2.  3.  5.  7. 11  ...^^  is  divisible  by  each  of  these 
prime  numbers;  add  unity  to  this  product,  and  we  obtain  a 
number  which  is  not  divisible  by  any  of  these  prime  numbers ;  this 
number  is  therefore  either  itself  a  prime  number,  or  is  divisible 
by  some  prime  number  greater  than  p ;  thus  p  is  not  the  greatest 
prime  number,  which  is  contrary  to  the  supposition.  Hence  the 
number  of  prime  numbers  is  infinite. 

697.  If  a  is  prime  to  b,  and  the  quantities  a,  2a,  3a, 

(b  —  1)  a,  are  divided  by  b,  the  remainders  will  all  be  different. 

For,  if  possible,  suppose  that  two  of  these  quantities  Tna  and 
nia  when  divided  by  b  leave  the  same  remainder,  so  that 

ma  =  w5  +  r  and  m'a  =  n'6  +  r ; 

then  (m  — m')a=(7i--n')6; 


,       ^  a      n  —  n' 

therefore 


' } 


b     m,  —  m 

hence  m-m'  is  a  multiple  of  6  (Art.  689);  but  this  is  impossible, 
since  m  and  m'  are  both  less  than  b. 

698.     A  number  can  be  resolved  into  prims  factors  in  only 
one  way. 

Let   N  denote  the  number;    suppose  N^ahcd ,  where 

a,  6,  c,  d^ are  prime  numbers  equal  or  unequal.     Suppose, 

if  possible,  that  N  also  =a)8yS ,  where  a,  )S,  y,  S, are 

other  prime  numbers.      Then  abed =  a)SyS ;    hence  a 

must  divide  ahcd ,   and  therefore   must  divide  one  of  the 

factors  of  this  product;  but  these   factors  are   all  prime  num- 
bers; hence  a  must  be  equal  to  one  of  them,  a  suppose.     Divide 

by  a  or  a,  then  &cc? =/?y8 ;  from  this  we  can  prove  that 

p  must  be  equal  to  one  of  the  factors  in  bed ;  and  so  on. 

Thus  the  factors  in  abed cannot  be  different  from  those  in 

a)8y8 
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099.  To  find  the  highest  power  of  a  prime  nwmber  a  which  is 
corUained  in  the  product  [m. 

Let  -^  (  — )  denote  the  gi*eatest  integer  contained  in  -— , 
let  /  (-A  denote  the  greatest  integer  contained  in  -, , 

let  /  (—A  denote  the  greatest  integer  contained  in  -g , 

and  so  on;  then  the  highest  power  of  the  prime  number  a  which 
is  contained  in  Im  is 

For  among  the  numbers  1,  2,  3, m,  there  are  ^  {—)  which 

contain  a  at  least  once,  namely  the  numbers  a>  2a,  3a,  4a, 

Similarly  there  are  -^(-^J  which  contain  a*  at  least  once;  there 

are  -^  ( -3)  which  contain  a'  at  least  once;  and  so  on.     The  sum 

of  these  expressions  is  the  required  highest  power. 

This  proposition  will  be  illustrated  by  considering  a  numerical 
example.  Suppose  for  instance  that  m=14  anda=!2;  then  we 
have  to  find  the  highest  power  of  2  which  is  contained  in  [14. 

Here  I C—j  =  7,  ^(^)  =3,  /(^)  =  1;  thus  the  required 
power  is  11.     That  is,  2"  will  divide  114,  and  no  higher  power 


of  2  will  divide  [14.  Now  let  us  examine  in  what  way  this  num- 
ber 11  arises.     Of  the  factors  1,  2,  3,  4, 14  there  are  seven 

which  we  can  divide  at  once  by  2,  namely  2,  4,  6,  8,  10,  12,  14. 
There  are  three  factors  which  can  be  divided  by  2  a  second  time, 
namely  4,  8^  12.  There  is  one  factor  which  can  be  divided  by  2 
a  third  time,  namely  8. 

Thus  we  see  the  way  in  which  7  +  3  +  1,  that  is  11,  arises. 
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700.     The  product  of  any  n  successive  integers  is  divisible 
hy  [n. 

Let  w  +  1  be  the  first  integer;  we  liave  tlieii  to  shew  that 

(m  + 1)  (m  +  2) (m  +  7i) 

ii 

is  an  integer.     Multiply  both  numerator  and  denominator  of  this 

expression  by  [w;  it  then  becomes  L  ,  which  we  shall  de- 

\m\n 

P 

note  by  •^.     Let  a  be  any  prime  number;  let  r^,  r^,  r^,  

denote  the  greatest  integers  in  ,    — ^ — ,   — g — , tq- 

Cb  Cb  Ck 

spectively;   let  s^,  «,,  «g,  denote  the  greatest  integers  in 

— ,    -J,    -8,  respectively;  and  let  t^y  t^,  t^,  denote  the 

greatest  integers  in  — ,    -5 ,    -5 , respectively.    Then  in  P  the 

Ct         Cb  Cb 

factor  a  occurs  raised  to  the  power  r^-hr^+r^-^- ;  in  Q  the  fac- 
tor a  occurs  raised  to  the  power  s^-{-s^+s^+ +  t^  +  t^-^  ^3+ 

Now  it  may  be  easily  shewn  that  r^  is  either  equal  to  s^  +  t^  or 
to  *x  +  ^1  +  1,  and  that  r,  is  either  equal  to  s^  +  t^  or  to  8^  +  t^-\- 1, 
and  so  on.  Thus  a  occurs  in  F  raised  to  at  least  as  high  a  power 
as  in  Q.  Similarly  any  prime  factor  which  occurs  in  Q  occurs  in 
F  raised  to  at  least  as  high  a  power  as  in  §. .   Thus  F  is  divisible 

hjQ. 

70L     If  n  he  a  prime  number ,  the  coefficient  of  emery  term  in 
the  expansion  of  (^  +b)",  except  the  first  and  last,  is  divisible  by  n. 

For  the  general  form  of  the  coefficients  excluding  the  first  and 

last  is 

w(n-l) (»-r  +  l) 

where  r  may  have  any  value  from  1  to  n—1  inclusive.     Now,  by 
Art.  700,  this  expression  is  an  integer;  also  since  n  is  a  prime 
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number  and  greater  than  r,  no  fiictor  which  occurs  in  [r  can 
divide  n;  therefore  (n— l)(n  — 2) (n  — r  +  1)  mnst  be  divi- 
sible by  [r.  Hence  every  coefficient,  except  the  first  and  hist, 
is  divisible  by  n. 

702.  If  n  be  a  prime  numher,  the  eoefficieni  of  every  term  in 

the  expansion  q/'(a  +  b  +  c  +  d+ )",  except  those  of  2^^  b*,  c", 

d*, ,  is  divisible  hy  n. 

Put  jSfor  6  +  c  +  rf+ ;  then 

(a  +  6  +  c+rf+ )"  =  (a  +  j8)". 

By  Art.  701,  every  coefficient  in  the  expansion  of  (a  +  j8)"  is 
divisible  by  n,  except  those  of  a"  and  )3*,  and  the  coefficient  of 
each  of  these  terms  is  unity.    Again,  \ 

)8*  =  (6  +  c  +  c?  + )*  =  (6  +  y)*  suppose; 

and  every  coefficient  in  the  expansion  of  (6  +  y)"  is  divisible  by 
n  except  those  of  IT  and  y".  By  proceeding  in  this  way  we  arrive 
at  the  theorem  enunciated. 

703.  Ifnhea  prime  numhery  and  N  prime  to  n,  then  N"~*— 1 
is  a  multiple  ofn,     (Fermat's  Theorem.) 

By  the  preceding  Article, 

(a  +  6  +  c  +  cf+ +^)"  =  a"+6"  +  c"  +  (f  + +A?"+Jlf(n), 

where  M  (n)  denotes  some  multiple  of  n.  Let  each  of  the  quanti- 
ties a,  &,  c,  dy A;  be  equal  to  unity,  and  suppose  there  are 

i\rof  them;  thus 

therefore  N  {N*-'  -  1)  =  M{n). 

Since  N  is  prime  to  n,  it  follows  that  jV*~*  — 1  is  divisible 
by  w. 

We  may  therefore  say  that  N*~^  =  1  +pn,  where  p  is  some 
positive  integer. 
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704.  Since  n  is  a  prime  number  in  the  preceding  Article, 
n— 1  is  an  even  number  except  when  n  =  2;  hence  we  may 
write  the  theorem  thus, 

therefore,  either  iV^*— loriV*+l    is   divisible  by  n,  so  that 

iV*  =pn+l,  or  iihe  =pn  —  l,  where  p  is  some  positive  in- 
teger. 

705.  The  following  theorem  is  an  extension  of  Fermat's.  Let 
n  be  any  number;  and  let  1,  a,  &,  c,  w— 1,  be  all  the  num- 
bers which  are  less  than  n  and  prime  to  n;  suppose  there  are  m  of 
these  numbers ;  then  will  a?*"  —  1  =  if  (n),  when  for  x  we  substitute 
any  one  of  the  above  m  numbers,  except  unity.  For  multiply  all 
the  m  numbers  by  any  one  of  them  except  unity,  and  denote  the 

multiplier  by  a;  thus  w^e  obtain  1  ,x,  ax,  hx,  ex, (n  —  \)x', 

these  products  are  all  different  and  all  prime  to  n.  It  may  be 
easily  shewn  that  when  these  products  are  divided  by  n,  the  re- 
mainders are  all  different  and  all  prime  to  n;  thus  the  remain- 
ders must  be  the  original   m  numbers  1,  a,  5,  c,  .. n  —  1; 

they  will  not  necessarily  occur  in  this  order,  but  that  is  imma- 
terial for  the  object  we  have  in  view.     Hence  the  product  of 

the  new  series  of  m  numbers  x,  ax,  hx,  ex,  {n—\)x,   can 

only  differ  from  the  product  of  the  original  m  numbers  by  some 
mvltiple  of  n;  thus 

Q^ahc (n  —  1)  —  ahc (^—1)  +  -3f  (w). 

Since  two  of  the  three  terms  which  enter  into  this  equation 

are  divisible  byoJc (n-1),  the  third  term  must  Ukewise  be  so 

divisible,  and  as  ahe (^— 1)  is  prime  to  n,  the  quotient  after 

M  (n)  is  divided  by  ahe (^  —  1)  niust  still  be  some  multiple  of 

n,  and  may  be  denoted  by  M{^\   thus 

ar=l+if(n),  and  a" -  1  =  if  (n). 

706.  We  will  now  deduce  Format's  theorem  from  the  result 
of  the  preceding  Article.     Suppose  n  a  prime  number;  then  the 
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numbers  1,  2,  3, w  — 1,  are  all  prime  to  n;  thus  »»=»  — 1. 

Therefore  as""*— l=if(w),  where  x  may  be  any  number  less  than  n. 
Next  let  y  denote  any  number  which  is  greater  than  n  and  prime 
to  n,  then  we  can  suppose  y  =pn  +  x,  where  p  is  some  integer  and 
X  is  less  than  n.     Therefore 

y"-*= (p7i  + a;)"-*  =  aj"~*  +  (n- 1)03^^71+ =«"-*  + if  (to); 

but  we  have  already  shewn  that  a;"~*  =  1  +  if  (n);  thus 

y*''  =  1  4-  if  (n),  and  y-^  - 1  =  M(n), 

Thus  Format's  theorem  is  established. 

707.  If  n  he  a  prime-  number,  1  +  [n-  1  is  divisible  by  n. 
(Wilson's  Theorem.) 

By  Art.  549  we  have 
|to-1  =  {n - 1)"-* - (li - 1) (li -  2)-* 

(n-l)(n-2)  (n-l)(n-2)(TO-.3)  . 

-*■ — r:2 — ^"^  ^^ 1.2.3  ^    ^""-^^  ■" ^ 

by  Format's  theorem  we  have 

(«-l)-*  =  l+2?,w,     (7i-2)'^*=l+jp^w,    (n-3)--*=l+|>3n, 

where  jPj,  />g,  j^,, are  positive  integers.     Therefore 

\n-l=M{n)  +  l-{n-l) 

(n-l)(n-2)     (n-l)(n-2)(n^3) 

1.2  1.2.3  ' 

the  series  1  —  (n  —  1)  +  ^ z^ ^  —  .. .  extends  to  » — 1  terms, 

and  is  equal  to  (1— !)""*—(— 1)*"*,  that  is,  to  — 1,  since  n  — 1  is 
an  even  number.     Thus  |n  — 1  =  if  (n)  —  1 ;  therefore 

1  +  [n  — 1  is  divisible  by  n. 

If  n  be  not  a  prime  mmiber,  1  +  [n  —  1  is  not  divisible  by  n. 
For  suppose  p  a  factor  of  n;  then  p  is  less  than  w  —  1,  and  there- 
fore \n-l  is  divisible  by  p;  hence  1  +  [n- 1  is  not  divisible  by 
p,  and  therefore  not  divisible  by  n. 
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708.  The  following  inference  may  be  drawn  from  Wilson's 
Theorem.  If  2p  +  l  be  a  prime  number,  {\pY  +  {-iy  is  divisi- 
ble by  2p  + 1. 

By  Wilson  s  Theorem,  since  2p-hl  is  a  prime  number, 
1  +  (2p  is  divisible  by  2p  +  1.  Put  n  for  2p  +  1,  then  \2p  may 
be  written  thus, 

1  {n-.l)  2  {n-2)  3  (n-S) p{n-p); 

if  these  factors  be  supposed  multiplied  out,  it  is  obvious  that  we 
shall  obtain  (-1)'' 1*2*3' ......  j^*  together  with  some  multiple  of  n. 

Hence  l  +  (-l)'{[^}*  must  be  divisible  by  w,  and  therefore 
{[^}*+  (- 1)'  must  be  divisible  by  n, 

709.  To  Jmd  the  numher  of  positive  integers  which  are  less 
tJian  a  given  nv/mber  and  prime  to  it, 

Xet  iV  denote  the  number,  and  first  suppose  ir=  a',  where  a 
is  a  prime  number.     The  only  terms  of  the  series  1,  2,  3,  4, iV 

which  are  not  prime  to  iT  are  a,  2a,  3a,  ia, —  a:  and  there 

a 

N 
are  —  of  these  terms.     Hence  after  rejecting  these  multiples  of 

a,  we  have  remaining  N terms,  that  is,  N  ( 1  -- )  terms:  thus 

tt  \      aj 

there  are  iV'  fl  --J  positive  integers  which  are  less  than  N  and 

prime  to  N. 

Next,  suppose  N^a^h^  where  a  and  h  are  prime  numbers. 
The  multiples  of  a  in  the  series  1,  2,  3,  4,  N,  are  a,  2a,  3a, 

4a, —  a,  so  that  there  are  —  of  them.    Let  N'  be  the  number 

a  ct 

of  positive  integers  remaining  after  the  multiples  of  a  have  been 
rejected,  then  iT'  =  JST .  We  have  now  to  reject  all  the  mul- 
tiples of  b  which  occur  among  the  iT'  terms;  and  these  multiples 
consist  of  the  multiples  of  6  in  the  -^  terms  diminished  by  the 
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^  N 

multiples  of  6  in  the  —  terms;  the  number  of  the  former  is  —  : 

and  the  numb  Br  of  the  latter  is  the  same  as  that  of  the  multiples 

N 
of  a&  in  the  N  terms,  that  is,  —r .     Thus  the  number  of  the  mul- 

ao 

tiples  of  h  which  are  to  be  rejected  is  -^ ^ ,  that  is,  -7-  j  there- 

N' 
fore  the  number  of  positive  integers  remaining  is  iV'  — ^ ,  that  is, 

.V'(l-J).thaeis.ir(l-i)(l-J). 

Again,  suppose  N^a^yc^y  where  a,  6,  c,  are  prime  numbers. 
First  reject  from  iiT  the  —  multiples  of  a;  suppose  N'  the  number 

of  positive  integers  remaining,  so  that  N'^N .     Next  reject 

the  multiples  of  h  which  occur  in  the  N'  terms;  these  are  -^  in 

number,  so  that  the  number  of  positive  integers  remaining  is 

N'  —  'j-'j  w^hich  we  will  denote  by  N",    We  have  now  to  reject 

all  the  multiples  of  c  which  occur  among  the  iV"  terms.     The 
number  of  the  multiples  of  c  which  occur  among  the  N'  terms  is 

— ,  in  the  same  manner  as  the  number  of  the  multiples  of  b 

among  them  was  -j- .     The  multiples  of  c  among  the  -j-  terms  are 

the  same  as  the  multiples  of  he  among  the  N*  terms,  and  the 

N' 
number  of  them  is  therefore  -7-  •     Thus  the  number  of  the  multi- 

he 

pies  of  c  which  are  to  be  rejected  is •=— ,  that  is,  — ;  there- 

c       oe  c 

fore  the  number  of  positive  integers  remaining  is  N"  l\  — j,  that 
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Similarly  we  conclude  that  if  J^=a'b^c^d' ,  where  a,  5,  e, 

df are  prime  numbers,  the  number  of  positive  integers  which 

are  less  than  i\r  and  prime  to  i\r  is 


-('-i)0-»(-i)0-J) 


It  will  be  observed  that  in  this  theorem  uniti/  is  considered 
to  be  one  of  the  numbers  which  are  less  than  ilT  and  prime  to  i\r. 

710.  Tofivd  the  number  of  divisor  a  of  any  given  number. 

Let  iV  denote  the  number,  and  suppose  N^oFh^d" ,  where 

a,  6,  c, are  prime  numbers.  It  is  evident  that  iV' will  be  divi- 
sible by  any  number  which  is  formed  by  the  product  of  powers  of 

a,  6,  c, provided  the  exponent  of  the  power  of  a  be  comprised 

between  0  and  p,  the  exponent  of  the  power  of  b  between  0  and 
q,  the  exponent  of  the  power  of  c  between  0  and  r,  and  so  on ; 
and  no  other  number  will  divide  N.  Hence  the  divisors  of  N 
will  be  the  various  terms  of  the  product 

(l  +  a+a'  +  ...  +  «'')(! +  5  +  6'+  ... +6*)  (1 +  c  +  c*  +  ... +  c')...; 
the  number  of  the  divisors  will  therefore  be 

(p  +  l)(^+^)(r  +  l) 

This  includes  among  the  divisors  unity  and  the  number  N  itself. 

711.  To  find  the  number  of  ways  in  which  a  number  cam, 
he  resolved  into  tux)  f odors. 

Let  N  denote  the  number,  and  suppose  N^ai^h^d" ,  where 

a^  by  c, are  prime  numbers.     First,  suppose  N  not  a  perfect 

square;  then  one  at  least  of  the  exponents  p,  q,  r, is  an  odd 

number;  the  required  number  then  is  i(p+  1)  {q+  1)  (r+  1) , 

because  there  are  two  divisors  of  iT  corresponding  to  every  way  in 
which  iV  can  be  resolved  into  two  factors.     Next  suppose  N  a 

perfect  square,  then  all  the  exponents;?,  g',  r, are  even;  the 

required  number  is  fouod  by  increasing  (;?  +  1)  (g  +  1)  (^  +  1) 

by  unity,  and  taking  half  the  result;  for  in  this  case  the  square 
root  of  i\r  is  one  of  the  divisors,  and  if  this  be  taken  as  one  factor 

T.  A.  28 
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of  iT,  tlie  other  Victor  is  equal  to  it,  so  that  only  one  divisor  arises 
from  this  mode  of  resolving  H  into  two  factors. 

It  will  be  observed  that  in  this  theorem  iV  x  1  is  counted  as 
one  of  the  ways  of  resolving  I^  into  two  factors. 

712.     To  Jmd  tJie  sum  of  the  divisor  a  of  a  nwmher, 
"With  the  notation  of  Art.  710,  we  have  the  sum  equal  to 
(1  +a  +  a'+  ...  +a'')(l  +5  +  6*+  ...  +6')(1  +c  +  c*+  ...+0')  ...; 

a^+^-l    6'+»-l    (f^'-l 


that  is, 


a-1    •    6-1    '    c-1 


713.     To  find  the  number  of  ways  in  which  a  number  can 
he  resolved  into  two  factors  which  are  prime  to  etzch  other. 

Let   the  number  ^=a^b''c'' as  before.      Since   the  two 

factors  are  to  be  prime  to  each  other,  we  cannot  have  some  power 
of  a  in  one  factor,  and  some  power  of  a  in  the  other  factor,  but  a' 
must  occur  in  one  of  the  Victors.  Similarly,  6'  must  occur  in  one 
of  the  factors ;  and  so  on.     Hence  the  required  number  is  the 

same  as  half  the  number  of  divisors  of  ahc ,  and  is  therefore 

2*"*,  where  n  is  the  number  of  different  prime  factors  which  occur 
in  iV^. 

EXAMPLES   OP  THE  THEOEY  OF  NUMBERS. 

1.  If  jp  and  q  are  whole  numbers,  and  2?  +  S'  is  an  even  num- 
ber, then  p  —  qha  also  even. 

2.  Find  the  least  multiplier  of  3234  which  will  make  the  pro- 
duct a  perfect  square. 

3.  Find  the  least  multiplier  of  1845  which  will  make  the 
product  a  perfect  cube. 

4.  Find  the  least  multiplier  of  6480  which  will  make  the 
product  a  perfect  cube. 

5.  Find  the  least  multiplier  of  13168  which  will  make  the 
product  a  perfect  cube. 
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6.  If  the  sum  of  an  odd  square  number  and  an  even  square 
number  is  also  a  square  number,  then  the  even  square  number  is 
divisible  by  16. 

7.  Every  square  number  is  of  the  form  5noT5n^l, 

8.  Every  cube  number  is  of  the  form  7/1  or  7w=fc  1. 

9.  If  a  number  be  both  a  square  and  a  cube  it  is  of  the  form 
7n  or  7n  + 1. 

10.  No  square  number  is  of  the  form  Sn  —  l, 

11.  No  triangular  number  is  of  the  form  3w  —  1. 

12.  If  n  be  any  number  whatever,  a  the  difference  between 
n  and  the  next  number  greater  than  n  which  is  a  square  number, 
and  b  the  difference  between  n  and  the  next  number  less  than  n 
which  is  a  square  number,  then  n  —  db  ia  sl  square  number. 

13.  If  the  difference  of  two  numbers  which  are  prime  to 
each  other,  be  an  odd  number,  any  power  of  their  sum  is  prime  to 
every  power  of  their  difference. 

14.  If  there  be  three  numbers  one  of  which  is  the  sum  of  the 
other  two,  twice  the  sum  of  their  fourth  powers  is  a  square 
number. 

15.  Shew  when  n  is  any  prime  number,  that  as"— 1  and 
(a;  —  1)"  will  leave  the  same  remainder  when  divided  by  n. 

16.  If  2p  + 1  be  a  prime  number  and  the  numbers  1*,  2*,...J»'? 
be  divided  by  2p  + 1,  the  remainders  are  all  different. 

17.  Every  even  power  of  every  odd  number  is  of  the  form 

18.  Every  odd  power  of  7  is  of  the  form  8/^—1. 

19.  If  n  be  any  integer,  n^-n-^l  cannot  be  a  square 
number. 

20.  If  n  be  any  odd  integer,  then  n^  +  1  cannot  be  a  squ3.re 
number. 

21.  If  a  and  x  are  integers,  the  greatest  value  of  aX''2x'  is 

a' 
the  integer  equal  to  or  next  less  than  -^ . 

28—2 
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22.  Shew  that  n  (n  +  1)  {2n  +  1)  is  always  divisible  by  6. 

23.  If  w  be  odd,  (»-  l)n(n  +  1)  is  divisible  by  24. 

24.  If  7»  be  odd  and  not  divisible  by  3,  then  n'  +  5  is  divisible 
by  6. 

25.  If  n  be  a  prime  number  greater  than  5,  then  n^  —  1  is 
divisible  by  240. 

26.  Shew  that  j^  -  ^j  +  -^  is  an  integer  if  w  be. 

27.  Shew  that  w^'  —  w  is  always  divisible  by  42. 

28.  If  71  be  any  prime  number  and  x  prime  to  n,  prove  that 
a^  and  x  when  divided  by  n  will  leave  the  same  remainder. 

29.  If  7»  be  any  prime  number  and  iT  prime  to  n,  then 
iiT^""  —  1  is  divisible  by  n\ 

30.  If  n  be  any  prime  number  greater  than  3  and  iT  prime 
to  w,  then  iV"  —  iV  is  divisible  by  67*. 

31.  If  w  and  N  be  different  prime  numbers,  and  each  greater 
than  3,  then  iV""*- 1  is  divisible  by  24n. 

32.  If  n  be  any  prime  number  greater  than  2,    except  7, 
then  w*—  1  is  divisible  by  56, 

33.  llnhe  any  prime  number  greater  than  2  and  iT  any  odd 
number  prime  to  »,  then  iV^"~*- 1  is  divisible  by  8n. 

34.  If  n  be  any  prime  number  greater  than  2,  then 

r+2*  +  3"+...  +  (rn)" 
is  a  multiple  of  n. 

35.  Shew  that  the  10*^  power  of  any  number  is  of  the  form 
11?*  or  lln  +  1. 

36.  Shew  that  the  12^  power  of  any  number  is  of  the  form 
137*  or  137* +1. 

37.  Shew  that  the  9*^  power  of  any  number  is  of  the  form 
197*  or  1971  ±1. 

38.  Shew  that  the  11***  power  of  any  number  is  of  the  form 
237*  or  23/1  ±1. 
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39.  Shew  that  the  20*^  power  of  any  number  is  of  the  form 
25n  or  25n  + 1. 

40.  How  many  positive  integers  are  less  than  140  and  prime 
to  1401 

41.  How  many  positive  integers  are  less  than  360  and  prime 
to  3601 

42.  How  many  positive  integers  are  less  than  1000  and  prime 
to  1000  } 

43.  How  many  positive  integers  are  less  than  3*  x  7*  x  11  and 
prime  to  it  1 

44.  How  many  positive  integers  are  less  than  10"  and  prime 
toiti 

45.  Find  the  number  of  divisors  of  140. 

46.  Find  the  number  of  divisors  of  1845. 

47.  Find  how  many  divisors  there  are  of  [_9y  and  the  sum  of 
these  divisors. 

48.  Into  how  many  pairs  of  factors  prime  to  each  other  can 
1845  be  resolved  1 

49.  In  how  many  ways  can  a  Hne  of  100800  inches  long 
be  divided  into  equal  parts,  each  some  multiple  of  an  inch  1 

50.  In  how  many  ways  can  four  right  angles  be  divided  into 
equal  parts  so  that  each  part  may  be  a  multiple  of  the  angular 
unit,  (1)  when  the  unit  is  a  degree,  (2)  when  the  unit  is  a  grade  1 

51.  How  many  different  positive  integral  solutions  are  there 
ofa5y=10"1 

52.  If  iV  be  any  number,  n  the  number  of  its  divisors,  and  P 

the  product  of  its  divisors,  shew  that  F  =  iV*;  shew  that  iV"  is 
in  all  cases  a  complete  square. 

53.  Find  the  least  number  which  has  30  divisors. 

54.  Find  the  least  number  which  has  64  divisors  of  which 
three  are  primes  whose  continued  product  is  30. 
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55.  Suppose  a  prime  to  5,  and  let  the  quantities 

a,  2a,  3a,  ...  (6—  l)a 

be  divided  by  h]  prove  that  the  sum  of  the  quotients  arising 
from  any  two  terms  equidistant  from  the  beginning  and  end 
will  be  a  —  1,  and  that  the  sum  of  the  corresponding  remainders 
will  be  6. 

56.  If  any  number  of  square  numbers  be  divided  by  a  given 
number  n  there  cannot  be  more  than  ^  different  remainders. 

57.  Express  generally  the  rational  values  of  x  and  y  which 
satisfy  140iK  =  y*. 

58.  If  r,  the  radix  of  a  scale  of  notation,  be  a  prime  number 

^  + 1     . 
greater  than  2,  there  are  — ^ —  different  digits  in  which  square 

numbers  terminate  in  that  scale. 

59.  If  any  number  n  can  be  resolved  into  the  sum  oip  squares, 
2  (jt?  —  1)  n  can  be  resolved  into  tlie  sum  of /?(/?  —  1)  squares. 

60.  If  7i  be  any  positive  integer  V+16n  —  l   is   divisible 
by  9. 

61.  If  P^  denote  the  sum  of  the  products  of  the  first  n  num- 
bers taken  r  together, 

1  +  ij  +  ij  +  ...  +  P_j  is  a  multiple  of  \n. 

62.  Shew  that  the  100**"  power  of  any  number  is  of  the  form 
1257*  or  1257* +  1, 


LIII.     PEOBABILITY. 

714.     If  an  event  may  happen  in  a  ways  and  fail  in  h  ways, 
and  all  these  ways  are  equally  likely  to  occur,   the  probability 

of  its  happening  is ^,   and  the  probability  of  its  idling  is 

— — T .     This  may  be  regarded  as  a  definition  of  the  meaning  of 
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the  word  prohahUity  in  mathematical  works.  The  following  ex- 
planation is  sometimes  added  for  the  sake  of  shewing  the  consist- 
ency of  the  definition  with  ordinary  language.  The  probability  of 
the  happening  of  the  event  must,  from  the  nature  of  the  case,  be 
to  the  probability  of  its  failing  as  a  to  6;  therefore  the  proba- 
bility of  its  happening  is  to  the  sum  of  the  probabilities  of  its 
happening  and  failing  as  a  to  a  +  5.  But  the  event  must  either 
happen  or  fail,  hence  the  sum  of  the  probabilities  of  its  happen- 
ing and  failing  is  certainty.  Therefore  the  probability  of  its  hap- 
pening is  to  certainty  as  a  to  a  +  ft.  So  if  we  represent  certainty 
by  unity,  the  probability  of  the  happening  of  the  event  is  repre- 
sented by . 

715.  Hence  if  p  be  the  probability  of  the  happening  of  an 
event,  1  —  jt?  is  the  probability  of  its  failing. 

716.  The  word  chance  is  often  used  in  mathematical  works  as 
synonymous  with  prohahUity. 

717.  "When  the  probability  of  the  happening  of  an  event  is  to 
the  probability  of  its  failing  as  a  to  6,  the  fact  is  expressed  in 
popular  language  thus;  the  odds  are  a  to  6  for  the  event,  or  h  to 
a  against  the  event. 

718.  Suppose  there  to  be  any  number  of  events  -4,  B,  C,  &c., 
such  that  one  must  happen  and  only  one  can  happen;  and  suppose 
a,  h,  c,  &c.,  to  be  the  numbers  of  ways  in  which  these  events  can 
respectively  happen,  and  that  all  these  ways  are  equally  likely 
to  occur,  then  the  probabilities  of  the  events  are  proportional 
to  a,  h,  c,  &c.  respectively.  For  simplicity  let  us  consider  three 
events,  then  A  can  happen  in  a  ways  out  of  a  +  6  +  c  ways  and 
fail   in   h+c  ways;   therefore,  by  Art.  714,    the  probability   of 

JL's  happening  is  7 ,  and  the  probability  of -4's  failing  is 

Similarly  the  probability  of  i?'s  happenin j  is 


—         7  •         i>jji&AXAxci>j.  X  y     w&AV>    pxvfc/oifc/xjixur    vx   jj  a   xxcbpLfoxxxxx^    xo  ^  , 

and  the  probability  of  Cs  happening  is  7—  , 
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719.     We  will  now  exemplify  the  mathematical  meaning  of 
the  word  probability. 

If  n  balls  A,  B,  C,  ...,  be  thrown  promiscuously  into  a  bag 

and  a  person  draw  out  one  of  them,  the  probability  that  it  will 

1  2 

be  -4  is  - ;  the  probability  that  it  will  be  either  A  or  j5  is  -  • 


The  same  supposition  being  made,  if  two  balls  be  drawn  out 

2 

the  probability  that  these  will  be  A  and  B  is  —. j. .     For  the 

number  of  pairs  of  balls  is  the  same  as  the  number  of  combinations 
of  n  things  taken  two  at  a  time,  that  is,  ^n(n  —  l);  and  one  pair 

is  as  likely  to  be  drawn  out  as  another;  therefore  the  probability 

1                                    2 
of  drawing  out  an  assigned  pair  is  1  -f  ^  »(7i  —  1),  that  is,  — y\  • 

Again,  suppose  that  3  white  balls,  4  black  balls,  and  5  red 

balls  are  thrown  promiscuously  into  a  bag,  and  a  person  draws 

out  one  of  them;  the  probability  that  this  will  be  a  white  ball  is 

3  .  4 

=-o ,  the  probability  that  it  will  be  a  black  ball  is  ^o  >  and  the 

jprobability  that  it  will  be  a  red  ball  is  ^-^ .    But  suppose  ttoo  balls 

to  be  drawn  out,  and  estimate  the  probabilities  of  the  different 

cases.     The  number  of  pairs  that  can  be  formed  out  of  12  things 

1 
is  ^  X  12  X  11,  that  is,  66.      The  number  of  pairs  that  can  be 

formed  out  of  the  3  white  balls  is  3;  hence  the  probability  of 

3 

drawing  two  white  balls  is  ^  ,     Similarly  the  probability  of  draw- 

/» 
ing  two  black  balls  is  ^ ;  and  the  probability  of  drawing  two  red 

balls  is  ^^ .     Also  since  each  white  ball  might  be  associated  with 
66 

each  black  ball,  the  number  of  pairs  consisting  of  one  white  ball 
and  one  black  ball  is  3x4,  that  is,  12;  hence  the  probability  of 
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12 
drawing  a  white  baU  and  a  black  ball  is  ^ .     Similarly  the  proba- 

20 
bmty  of  drawing  a  black  baU  and  a  red  ball  is  gg  ;  and  the  pro- 

bability  of  drawing  a  red  ball  and  a  white  ball  is  ^  .     The  sum 

of  the  six  probabilities  which  we  have  jnst  found  is  unity,  as,  of 
course,  it  should  be. 

"We  will  give  one  example  from  a  subject  which  constitutes  an 
important  application  of  the  theory  of  probability.  According  to 
the  Carlisle  Table  of  Mortality,  it  appears  that  out  of  6335  persons 
living  at  the  age  of  14  years,  only  6047  reach  the  age  of  21  years. 
As  we  may  suppose  that  each  individual  has  the  same  chance  of 

being  one  of  these  survivors,  we  may  say  that  »^k^  is  the  proba- 

bility  that  an  individual  aged  14  years  will  reach  the  age  of  21 

288 
years :  and  .  ^     is  the  probability  that  he  will  not  reach  the  age 

of  21  years. 

720.  Suppose  that  there  are  two  independent  events  of  which 
the  respective  probabilities  are  known;  we  shall  proceed  to  esti- 
mate the  probability  that  both  will  happen. 

Let  a  be  the  number  of  ways  in  which  the  first  event  may 
happen,  and  b  the  number  of  ways  in  which  it  may  fail,  all  these 
ways  being  equally  likely  to  occur;  and  let  a  be  the  number  of 
ways  in  which  the  second  event  may  happen,  and  1/  the  number 
of  ways  in  which  it  may  fail,  all  these  ways  being  equally  likely  to 
occur.  Each  case  out  of  the  a-hh  cases  may  be  associated  with 
each  case  out  of  the  a  +  V  cases;  thus  there  are  (a +  6)  (a' +  6') 
compound  oases  which  are  equally  likely  to  occur.  In  aa  of 
these  compound  cases  both  events  happen,  in  hh'  of  them  both 
events  fail,  in  ah'  of  them  the  first  event  happens  and  the  second 
£uls,  and  in  a'h  of  them  the  first  event  fails  and  the  second 
happens.     Thus 
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Ofh 

, rw-> — TK  is  the  probability  that  both  events  happen, 

{a4-5)(a  +6)  v  j  rr  -> 

-, TTT-? — r?r  is  the  probability  that  both  events  fail, 

(a +6)  (a +  6)  r  j 

aV  ris  the  probability  that  the  first  event  happens  and 

{a  +  h)  {a  +  6')  \     the  second  event  fails, 

a'h  |is  the  probability  that  the  first  event  fails  and  the 

(a  +  h)  {a  +  V)  \     second  event  happens. 

Thus  if  p  and  p'  be  the  respective  probabilities  of  two  inde- 
pendent events,  pp'  is  the  probability  of  the  happening  of  both 
events. 

721.  The  probability  of  the  concurrence  of  two  dependent 
events  is  the  product  of  the  probability  of  the  first  into  the 
probability  that  when  that  has  happened  the  second  will  follow. 
This  is  only  a  slight  modification  of  the  principle  established  in 
the  preceding  Article,  and  is  proved  in  the  same  manner;  we 
have  only  to  suppose  that  a  is  the  number  of  ways  in  which 
after  the  first  event  has  happened  the  second  will  follow,  and  V 
the  number  of  ways  in  which  after  the  first  event  has  happened 
the  second  will  not  follow,  all  these  ways  being  supposed  equally 
likely  to  occur. 

722.  In  like  manner,  if  there  be  any  number  of  independerU 
events,  the  probability  that  they  will  all  happen  is  the  product  of 
their  respective  probabilities  of  happening.  Suppose,  for  example, 
that  there  are  three  independent  events,  and  that  p,  p\  p'  are  their 
respective  probabilities.  By  Art.  720,  the  probability  of  the  con- 
currence of  the  first  and  second  events  is  pp' )  then  in  the  same 
way  the  probability  of  the  concurrence  of  the  first  two  events  and 
the  third  is  pp  y.p'\  that  is,  ppp'\  Similarly  the  probability  that 
all  the  events  fail  is  (1 -Jt?)(l-/)(1 -Je>7  The  probabiHty 
that  the  first  event  happens  and  the  other  two  events  £dl  is 
j?  (1  - p*)  (1  - ^");  and  so  on. 
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723.  "We  will  now  exemplify  the  estimation  of  tlie  probability 
of  compound  events. 

(1)  Required  the  chance  of  throwing  an  ace  in  the  first  only 

of  two  successive  throws  with  a  single  die.     Here  we  require  a 

compound  event  to  happen ;  namely  at  the  first  throw  the  ace  is 

to  appear,  at  the  second  throw  the  ace  is  not  to  appear.     The 

1 
chance  of  the  first  simple  event  is  x ,  and  of  the  second  simple  event 

5  5 

- ;  hence  the  required  chance  is  -^ . 

o  00  n 

(2)  Suppose  3  white  balls,  4  black  balls,  and  5  red  balls  to  be 
thrown  promiscuously  into  a  bag ;  required  the  chance  that  in  two 
successive  trials  two  red  balls  will  be  drawn,  the  ball  first  draion 
being  replaced  be/ore  the  second  trial.     Here  the  chance  of  drawing 

a  red  ball  at  the  first  trial  is  yo  >  ^^^  ^^^  chance  is  the  same  of 

drawing  a  red  ball  at  the  second  trial;  hence  the  chance  of  drawing 

two  red  balls  is  T  ^^  j  . 

(3)  Suppose  now  that  we  require  the  chance  of  drawing  two 

red  balls,  the  ball  fi/rst  drawn  not  being  replaced  be/ore  the  second 

trial.     This  will  be  an  example  of  Art.  721.     Here  the  chance  of 

5 
drawing  a  red  ball  at  the  first  trial  is  y^  J  ^^^  ^^^  ^^^  ^®  drawn 

at  first,  out  of  the  eleven  balls  which  remain  four  are  red,  and 

4 
therefore  the  chance  that  a  second  trial  will  give  a  red  ball  is  j=  ; 

5       4 
hence  the  chance  of  drawing  two  red  balls  is  y^  x  ^y     This  is 

the  same  result  as  we  found  in  Art.  719,  for  the  chance  of  drawing 
two  red  balls  simultaneously;  and  a  little  consideration  will  shew 
that  the  results  ought  to  coincide. 

(4)  Required  the  chance  of  throwing  an  ace  with  a  single 
die  in  two  trials.   The  chance  of  failing  the  first  time  is  ^ ,  and  the 


444  3PE0BABILITT. 

5 

chance  of  filing  the  second  time  is  also  ^ ;  hence  the  chance  of 

®«  .    25 

,  that  is^  ^ .     Hence  the  chance  of  not  fjEuling 

twice  is  1  —  ^^ ,  that  is,  ^^  :  this  is  therefore  the  chance  of  sue- 
oo  oo 

ceeding. 

(5)    In  how  many  trials  will  the  chance  of  throwing  an  ace 
with  a  single  die  amount  to  ^  ?     Suppose  x  the  number  of  trials ; 

therefore  the  chance  of  failing  x  times  in  succession  is  (-]  ,    by 

Art  722.     Hence  the  chance  of  succeeding  is  1  —  ( -^j  ; 

therefore  1  -  (^j  =  ^ ; 

hence  (|)  =1; 

hence  a;  log  ^  =  log  ^ , 

log  2 
therefore  x  = 


log  6  -  log  5 ' 

By  using  the  values  of  the  logarithms,  we  find  05  =  3*8  nearly. 
Thus  we  conclude  that  in  3  trials  the  chance  of  success  is  less 
than  ^,  and  that  in  4  trials  it  is  greater  than  ^. 

(6)     In  how  many  trials  is  it  an  even  wager  to  throw  sixes 
with  two  dice  ?     The  chance  of  sixes  at  a  single  throw  with  two 

dice  is  ^  x  - ,  that  is,  ^^  j  hence  the  chance  of  not  having  sixes 

is  5^.     Suppose  oj  the  number  of  throws  required;  then  we  have 
36 


log  2 


x  = 


log  36  -  log  35 ' 
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By  using  the  values  of  the  logarithms,  we  find  x  lies  between 
24:  and  25,  which  we  interpret  as  before* 

(7)  To  find  the  probability  that  two  individuals,  A  and  JB, 
whose  ages  are  known,  will  be  alive  at  the  end  of  a  year.  Let  p 
be  the  probability  that  A  will  be  alive  at  the  end  of  a  year,  p'  the 
probability  that  B  will  be ;  then  pp'  is  the  probability  that  both 
will  be  alive  at  the  end  of  a  year.  The  values  of  p  and  p^  can  be 
found  from  the  Tables  of  Mortality  in  the  manner  exemplified  in 
Art  719. 

(8)  To  find  the  probability  that  one  at  least  of  two  indivi- 
duals, A  and  J5,  whose  ages  are  known,  will  be  alive  at  the 
end  of  a  given  number  of  years.  Let  p  be  the  probability  that  A 
will  be  alive  at  the  end  of  the  given  number  of  years,  p^  the 
probability  that  B  will  be.  Then  1  —p  is  the  probability  that  A 
will  be  dead,  and  1  —  p'  is  the  probability  that  B  will  be  dead. 
Hence  (1  —  jo)  (1  —p')  is  the  probability  that  both  will  be  dead. 
The  probability  that  both  will  not  be  dead,  that  is,  that  one  at 
least  will  be  alive,  is  l  —  (l—p){l  —p)^  that  is,  p  -k-p  —pp\ 

724.  If  an  event  may  happen  in  different  independent  ways, 
the  probability  of  its  happening  is  the  sum  of  the  probabilities 
of  its  happening  in  the  different  independent  ways. 

If  the  independent  ways  of  happening  are  all  equally  probable, 
this  proposition  is  merely  a  repetition  of  the  definition  of  proba- 
bility given  in  Art  714;  and  if  they  are  not  all  equally  probable, 
the  proposition  seems  to  follow  so  naturally  from  that  definition, 
that  it  is  often  assumed  without  any  remark.  The  following 
method  of  illustrating  it  is  sometimes  given ;  suppose  two  urns 
A  and  ^ ;  let  A  contain  2  white  balls  and  3  black  balls,  and  let 
B  contain  3  white  balls  and  4  black  balls;  required  the  pro- 
bability of  obtaining  a  white  ball  by  a  single  drawing  from  one  of 
the  urns  taken  at  random.     Since  each  urn  is  equally  likely  to  be 

taken,  the  chance  of  taking  the  urn  ^  is  ^ ,  and  the  chance  then 
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2 
of  drawing  a  white  ball  from  it  is  -=-;  hence  the  chance  of  ob- 
taining a  white  ball  so  £ur  as  it  depends  on ^  is  ^  ^  ^-    Similarlj, 

the  chance  of  obtaining  a  white  ball  so  &r  as  it  depends  on  ^  is 

1      3 

'^  X  =-.     Hence  the  proposition  asserts  that  the  probability  of  ob- 
taining a  white  ball  is^+^  +  ^  x^,  that  is,  « ( ^  +  ^)  •     The 

accuracy  of  this  result  may  be  confirmed  by  the  following  steps. 
First,  without  affecting  the  question,  we  may  Teplace  the  nm  A 
by  an  urn  A\  containing  any  number  of  balls  we  please,  provided 
ihe  ratio  of  the  while  haUs  to  the  black  balls  be  that  of  2  to  3 ;  and 
similarly,  we  may  replace  the  um  j?  by  an  urn  B\  containing  any 
number  of  balls  we  please,  provided  the  ratio  of  the  white  baUs  to 
the  black  halls  he  that  of  3  to  4:.  Let  then  A'  contain  14  white  balls 
and  21  black  balls,  and  let  B'  contain  15  white  balls  and  20  black 
balls ;  thus  A'  and  B^  each  contain  35  balls.  Secondly,  without 
affecting  the  question,  we  may  now  suppose  the  balls  in  A'  and  B' 
collected  in  a  single  um ;  thus  there  will  be  70  balls,  of  which 
29  are  white.  The  probability  of  drawing  a  white  ball  will 
^i.  ^  !>  29  ^,  ,  .  14+ 15  .,  .  .  1  /U  ^  15\  .,  . 
therefore  be  -^q  )  ^^^^  ^  ~~W~  '  ^'  2  \35      35/  ' 

.     1/2     3\ 

725.  The  probability  of  the  happening  of  one  or  other  of  two 
events  which  cannot  concur  is  the  sum  of  their  separate  pro> 
babilities.  For  the  complete  event  we  are  considering  occurs  if 
the  first  event  happens,  or  if  the  second  event  happens ;  thus 
the  proposition  is  a  case  of  the  preceding  proposition. 

726.  The  probability  of  the  happening  of  an  event  in  one 
trial  being  known,  required  the  probability  of  its  happening  once, 
twice,  three  times,  &c.,  exactly  in  n  trials. 

Let  p  denote  the  probability  of  the  happening  of  the  event  in 
one  trial,  and  q  the  probability  of  its  failing,  so  that  g'=  1— |?.     The 
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probability  that  in  n  trials  the  event  will  occur  in  one  assigned 
trial, and  fail  in  the  other  n—1  trials  is pq*~^  (Art.  722) ;  and  since 
there  are  n  trials,  the  probability  of  its  happening  in  some  one  of 
these  and  feiiling  in  the  rest  is  npq'*'^  The  probability  that  in  n 
trials  the  event  will  occur  in  two  assigned  trials,  and  fail  in  the 

other  n  —  2  trials,   is  p'q"'';   and  there  are  —. — ^   ways  in 

-which  the  event  may  happen  twice  and  fail  /&  — 2  times  in  n 
trials;  therefore  the  probability  that  it  will  happen  exactly  twice 

in  n  trials  is  —\ — ^ —  p'q*~\     Similarly  the  probability  that  the 

event  will  happen  exactly  three  times  in  n  trials  is 

n(n^l){n-^2) 

1.2.3         ^^     ' 
and  the  probability  that  it  will  happen  exactly  r  times  in  n 
trials  is 

— ^ — r— ^ -'©V  ^ 

[r  ^^ 

Similariy,  the  probability  that  the  event  will  fail  exactly  r 
times  in  n  trials  is 

n{n-l) (^-r+1) 

727.  Thus  if  (p  +  qY  be  expanded  by  the  Binomial  Theorem 
in  the  series  jt?"+7i/?"~*  ^ -I-  &c.,  the  terms  will  represent  respectively 
the  probabilities  of  the  happening  of  the  event  exactly  n  times, 
7i— 1  times,  n  —  2  times,  <fcc.,  in  n  trials.  Hence  we  may  de- 
termine what  is  the  most  probable  number  of  successes  and 
failures  in  n  trials ;  we  have  only  to  ascertain  the  greatest  term  in 

a 
the  above  series.     Let  us  suppose,  for  example,  that  p  = j  , 

q=i 7,  Warn  (a +  6),  where  a,  h,  and  m  are  integers;  then,  by 

a  •{-  0 

Art.  510,  the  most  probable  case  is,  that  of  r  failures  and  n  —  r 

7i  +  1 

successes,  where  r  is  the  greatest  integer  contained  in  ^—  ,  that 

^+1 
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is,   in  mJ  + 1  :   bo  that  r  =  m5,  and  w  —  r  =  ma.     The  most 

a  +  o 

probable  case  therefore  is,  that  in  which  the  numbers  of  snccesses 

and  failures  are  proportional  to  the  probabilities  of  success  and 

failure  respectiyely  in  a  single  trial 

728.  The  probability  of  the  happening  of  the  event  ai  least  r 
times  in  n  trials  is 

p''  +  np''"q  +  ^Y^^  >"-V+ 

^  n{n^l)(n^2) (r+1) 

\n-r  ^  ^     ^ 

for  if  the  event  happen  every  time,  or  fail  only  once,  twice, 

(/&  — r)  times,  it  happens  r  times;  therefore  the  probability  of  the 
happening  of  the  event  at  least  r  times  is  the  sum  of  the  proba- 
bilities of  its  happening  every  time,  of  failing  only  once,  twice, 

n  —  T  times;  and  the  simi  of  these  is  the  expression  given  abov& 

For  example;  in  %:vq  throws  with  a  single  die  what  is  the 
chance  of  throwing  exactly  three  aces?  and  what  is  the  chance  of 
throwing  ai  least  three  aces  ) 

Here  p  =  -^j     ^^a*    **  =  ^i    *^^^  *^®  chance   of   throwing 

,     ,  .    5.4.3 /IV/^V  ^1.  ^.      250      ^-       - 

exactly  three  aces  is  ^   ^   ^  i-^j  i^J  ,  that  is,  y^ ;  the  chance 

of  throwing  at  least  three  aces  is 

The  following  four  Articles  contain  problems  illustrating  the 
subject. 

729.  A  and  B  play  a  set  of  games,  in  which  -4*s  chance  of 
winning  a  single  game  is  p,  and  JB'a  chance  is  q;  required  the 
probability  of  A'b  winning  m  games  out  of  m  +  w. 

If  A  wins  in  exactly  m  +  r  games  he  must  win  the  last  game 
and  m - 1  games  out  of  the  preceding  m  +  r—l  games;  the  proba- 
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biliiy  of  this  is  i//?"*"Yjt?,  where  M  is  the  number  of  combinations 
of  m+r-l  things  taken  m-1  at  a  time;  that  is,  the  probability  is 

I  m  +  r  —  1 


wi^i* 


Now  in  order  that  A  may  win  m  games  ont  of  m  +  w,  he  must 

win  m  games  in  exactly  m  games,  or  in  eocacUy  7W  + 1  games, , 

or  in  exactly  m-hn  games.     Hence  the  probability  required  is  the 

sum  of  the  series  obtained  by  giving  to  r  the  values  0,  1,  2, n 

in  the  expression 

!  m  +  r  —  1 

that  is,  the  required  probability  is 

_  f-  m(m+l)    ,  m(m  +  l). (m-hn-1)    ,) 

^-|l  +  ^  +  _L_J3.  + ^- —\^' -2)- 

If  -4  in  order  to  win  the  set  must  win  m  games  he/ore  B  wins 
n  games,  A  must  win  m  games  out  of  m  +  n—1]  the  probability 
of  this  event  is  given  by  the  preceding  expression  with  the  omis- 
sion of  the  last  term.  Similarly,  the  probability  of  ^*s  winning  n 
games  out  of  m  +  7i  —  1  is 

,  f ,  n(n-¥\)   ,  n(n-¥\) (w  +  m-2)    _  ,) 

j-|l+„^  +  _L__V  + +  _V L__^ Ip'  .j. 

This  problem  is  celebrated  in  the  history  of  the  theory  of 
probabilities,  as  the  first  of  any  difficulty  which  was  discussed; 
it  was  proposed  to  Pascal  in  1654,  with  the  simplification  however 
which  arises  from  supposing  p  and  ^  to  be  equal. 

It  appears  from  the  precediug  investigation  that  the  probability 
of -4*8  winning  r  games  out  of  n  is 

but  this  probability  must  from  the  nature  of  the  question  be 
the  same  as  the  probability  of  the  happening  of  an  event  at  least  r 
times  in  n  trials  when  the  probability  of  the  event  is  p.  Thus  the 
expression  just  given  must  be  equivalent  to  that  given  in  Art.  728 ; 
we  may  verify  this  as  follows.     Denote  the  expression  just  given 

.    T.A.  29 
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by  t7^,  and  that  given  in  Art  728  by  u^,  and  let  v^^^  and  «,^, 
denote  respeddyely  what  they  become  when  n  is  changed  to  7»  + 1 ; 
then  we  shall  shew  that  if  w,  =  v,  when  n  has  any  specific  value, 
then  also  «^,  =  «.^,. 

We  have  «,= w,  (;?  +  g) ;  now  u^  (p  +  q)  gives  two  series,  and 
when  the  like  terms  in  these  two  series  are  united  we  obtain 

{n-i-l)n (r-^l)    ^^^,^    n(n^l) (r  +  1)    ^^,^, 

[n  +  l-r  ^^  \n-r  ^^        ' 

,         »     n(n— 1) r   r_«+i-r 

therefore        «^.  =  «.(P  +  g)+      |n  +  l-r~-^^       ' 

...      -  nln  —  \) r   r  B+i-r 

and  obviously  v^^,  =  r.  +       .^^x-r      ^  ^ 

This  shews  that  t«,+i=v,+i  if  w,=t?^.  Now  obviously  u^  is  equal 
to  v^  when  n  =  r;  therefore  w^  is  equal  to  v^  for  every  value  of  n 
greater  than  r. 

For  some  more  remarks  on  this  problem  the  student  is  re- 
ferred to  the  History  of  ProhabUUyy  page  98. 

730.     A  bag  contains  9i  + 1  tickets  which  are  marked  with  the 

numbers  0,  1,  2,  w,  respectively.     A  ticket  is  drawn  and 

replaced;  required  the  probability  that  after  r  drawings  the  sum 
of  the  numbers  drawn  is  8. 

The  number  of  drawings  which  can  occur  is  (w  + 1)',  for  any 
one  of  the  tickets  may  be  drawn  each  time.  The  number  of  ways 
in  which  the  sum  of  the  drawings  will  amount  to  «  is  the  coeffi- 
cient of  x'  in  the  expansion  of  (a;**  +  as*  +  a*  + +«")';  because 

this  coefficient  arises  from  the  different  modes  of  forming  a  by  the 
addition  of  r  numbers  of  the  series  Oj  •  1,  2, n.  Thus  the  pro- 
bability required  is  found  by  dividing  this  coefficient  by  (n  + 1)'. 

The  above  coefficient  may  be  obtained  by  the  Multinomial 
Theorem;  or  we  may  proceed  thus: 
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and  (1  -  x'*y  =  l-rx'*'  +  ^-^^^  a^*'- *'^'' 7  ^}K~  ^^  x''*'+ 


"We  must  therefore  find  the  coefficient  of  x'  in  the  product  of  theso 
two  series;  it  is 

r(r +  1) (r  +  «-l)         r(r+l) (r  +  «-?i-2) 


If.  [g~n  — 1 

r(r-l)    r(r+l) (r  +  g~2n--3) 


—  dw.; 


1.2  \8-2n-2 

this  series  is  to  stop  at  the  (i  + 1)^  term,  where  i  is  the  greatest 
integer  contained  in  =-;  then  the  required  probability  is  ob- 
tained by  dividing  this  series  by  (n  + 1)*". 

It  is  not  difficult  to  determine  the  probability  that  after  r 
drawings  the  sum  of  the  numbers  drawn  shall  not  exceed  a;  see 
History  of  FrohahUUy^  p£Lge  208. 

731.  A  box  has  three  equal  compartments,  and  four  balls  are 
thrown  in  at  random;  determine  the  probability  of  the  different 
arrangements,  assuming  that  it  is  equally  likely  that  any  ball  will 
fall  into  any  compartment. 

Since  it  is  equally  likely  that  a  ball  will  fall  into  any  com- 
partment there  are  3  equally  likely  cases  for  ewiK  ball;  and  on 
the  whole  there  are  3*  equally  likely  cases.  Now  there  are  four 
possible  ari*aDgements. 

L  All  the  balls  may  be  in  one  compartment;  this  can  happen 
in  3  ways. 

II.  Any  three  of  the  balls  may  be  in  any  one*  of  the  com-^ 
partments,  and  the  remaining  ball  in  either  of  the  remaining 
compartments;  this  can  happen  in  4  •  3  •  2  ways. 

III.  Any  two  of  the  balls  may  be  in  any  one  compartment, 
and  one  of  the  remaining  balls  in  one  of  the  remaining  compart^ 
ments  and  the  other  in  the  other;  this  can  happen  in  6 .  3  •  2  ways« 

29-2 
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lY.  Any  two  of  the  balls  may  be  in  any  one  compartment, 
and  the  other  two  balls  in  either  of  the  remaining  compartments; 
this  can  happen  in  6  .  3  ways. 

Thnff  the  probabilities  of  the  different  arrangements  are  re- 
spectively ^,    ^y    ^,   -qt;   the  sum  of  these  fractions  is^  of 

course,  unity. 

In  the  preceding  solution  the  point  which  deserves  particular 
attention  is  the  statement  that  there  are  81  equally  likely  cases ; 
for  when  this  is  admitted  all  the  rest  follows  necessarily.  If  this 
is  not  admitted  and  the  student  substitutes  any  other  statement  in 
the  place  of  it,  he  will  be  really  taking  another  problem  instead  of 
the  one  intended.  In  fact  in  a  problem  which  relates  to  permuta- 
tions, combinations,  or  probabilities,  it  is  not  unfrequently  found 
that  different  results  are  obtained  because  different  meanings  have 
been  attached  to  the  enunciation;  especial  care  is  necessary  in 
these  subjects  to  ensure  that  whatever  meaning  is  given  to  the  enun^ 
ciation  shoidd  be  consistently  retained  throughout  the  solution. 

We  will  next  consider  the  general  problem  of  which  the  present 
is  a  particnlar  case. 

732.  A  box  is  divided  into  m  equal  compartments.  If  n  balls 
are  thrown  in  promiscuously,  required  the  probability  that  there 
will  be  a  compartments  each  containing  a  balls,  b  compartments 
each  containing  P  hsJh,  and  so  on,  where 

ao+6j8+cy  + =  n. 

Since  any  ball  may  fall  into  any  compartment,  there  are  m* 
eases  equally  likely  to  occur.  We  shall  first  shew  that  the  num- 
ber of  different  ways  in  which  the  n  balls  can  be  divided  into 
a  +  b  +  o-^ parceb  containing  a,  )3,  y, balls  respectively  is 

{lfini^}'{ly}-.-'*-l«lftl£ "^"'^' 

For  consider  first  in  how  many  ways  a  parcel  of  a  balls  can  be 
selected  from  n  balls;  the  result  is     v   ""  ;"«-"'    """ 1  ways. 
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Then  consider  in  how  many  ways  a  second  parcel  of  a  balls 
can  be  selected  from  the  remaining  n  —  a  balls;    the  result  is 

^^ — 1  ,      Similarly  a  third  parcel  of 

a  balls   can  be  selected  from  the    remadmng   9»  — 2a    balls   in 

— .    ^ ways.     We  might  then   at 

first  infer  that  the  number  of  wayi^  in  which  three  parcels  of  a  balls 

each  can  be  selected  from  n  balls  is  — ^ ^  '.'  ',     ^> 

and  this  is  correct  in  a  certain  sense;  but  each  distinct  group  of 
three  parcels  has  in  this  way  occurred  [3  times,  and  we  must 
therefore  divide  by  [3  in  order  to  obtain  the  number  of  different 
ways  in  which  three  parcels  of  a  balls  each  can  be  selected  from  n 
balls.  And  similarly  the  number  of  different  ways  in  which  a 
parcels  of  a  balls  each  can  be  selected  from  n  balls  is 

n(TO-l) (w-aa+l) 

By  proceeding  thus  we  obtain  the  proposed  result. 

Now  the  number  of  ways  in  which  the  parcels  can  be  arranged 
in  the  m  compartments  is 

f»(TO-l)(w— 2) (w-«  +  l), 

where  «  =  a  +  6+c  +  ....,^ 

Hence,  the  probability  requjb*ed  is 

Fm{m-\){m-2) {m-8  +  \) 

For  example,  suppose  six  balls  ihrown  into  a  box  which  has 
three  compartments.  The  seven  possible  modes  of  distribution 
are,  6,  0,  0;  1,  5,  0;  2,  4,  0;  3,  3,  0;  1,  1,  4;  1,  2,  3;  2,  2,  2; 
and  their  respective  probabilities  are  fractions  whose  common 
denominator  is  243,  and  numerators  1,  12,  30,  20,  30,  120,  30. 

733.  If  p  represent  a  person's  chance  of  success  in  any  trans- 
action, and  m  the  sum  of  money  which  he  will  receive  in  case 
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of  snccess,  then  tlie  stim  of  money  denoted  hj  pm  is  called  his 
expectation.  This  is  a  definition  of  the  meaning  we  shall  attach  to 
the  word  expectation,  and  might  of  course  be  stated  arbitrarily 
without  any  farther  remark;  it  is  however  nsnal  to  illustrate  the 
propriety  of  the  definition  as  follows.  Suppose  that  there  are 
7n,-\-n  slips  of  paper,  each  having  the  name  of  a  person  'writtmi 
iipon  it,  and  no  name  recurring;  let  these  be  placed  in  a  bag,  and 
one  slip  drawn  at  random,  and  suppose  that  the  person  -^hose 
name  is  drawn  is  to  receive  £a.  Now  all  the  expectations  must 
be  of  equal  value,  because  each  person  has  the  same  chance  of 
obtaining  the  prize;  and  the  sum  of  the  expectations  must  be 
worih  JLa^  because  if  one  person  bought  up  the  interests  of  all  the 
persons  named,  he  would  be  certain  of  obtaining  £a.  Hence,  if 
£x  denote  the  expectation  of  each  person,  we  have  (m  +  92)  a;  =  a; 

thus  X  — . 

Also,  it  is  evident  that  the  value  of  the  expectation  of  two  per- 
sons is  the  sum  of  the  values  of  their  respective  expectations;  and 
so  for  three  or  more  persons.     Hence  the  value  of  the  expectation 

of  m  persons  is  .      Now  suppose  that  one  person  has  his 

name  on  m  of  the  slips;   then  his  expectation  is  the  same  as 
the  sum  of  the  esfpectations-  of  w,  persons,  each  of  whom  has  his 

name  on  one  slip;  that* is,  his  expectation  is  .     But  Ms 

7th 

chance  of  winning  the  pri^se  is  ,  since  he  has  m  cases  out  of 

m  +  n 

m+n  in  his  fevour;    thus  his  expectation  is  the  product  of  his 

chance  of  success  into  the  sum  of  money  which  he  will  receive  in 

case  of  success. 

734.  An  event  has  happened  which  must  have  arisen  from 
some  one  of  a  given  number  of  causes;  required  the  probability 
of  the  existence  of  each  of  the  causes. 

Let  there  be  n  causes,  and  suppose  that  the  probability  of  the 
existence  of  these  causes  was  estimated  at  P^ ,  P,, . ,  ,P^  respectively, 
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before  the  event  took  place.  Let  p^  denote  the  probability  of  the 
event  on  the  hypothesis  of  the  existence  of  the  first  cause,  let 
p^  denote  the  probability  of  the  event  on  the  hypothesis  of  the 
existence  of  the  second  ctiuse,  and  so  on.     Then  the  probability  of 

the  existence  of  the  r^  cause,  estimated  after  the  event,  is  =-^ , 

-where  %Pp  stands  for  Pjp^  +  Ai'a'*'  •••  "^^nPu* 

From  our  first  notions  of  probability  we  must  admit  that  the 
probability  that  the  r^  cause  was  the  true  cause  is  proportional  to 
the  antecedent  probability  that  the  event  would  happen  from  this 
cause,  and  may  therefore  be  represented  by  CF^p^,  And  since 
some  one  of  the  causes  must  be  the  true  cause  we  have 

therefore  G==^n-l 

^Pp 

therefore  the  probability  that  the  r*^  cause  was  the  true  cause  is 

735.  The  preceding  Article  will  require  some  illustration  befbre 
it  wUl  be  fully  appreciated  by  the  student.  Let  there  b^  for 
example,  two  urns,  one  containing  7  white  balls  and  3  black  balls, 
and  the  other  5  white  balls  and  1  black  ball;  suppose  that  a 
white  ball  has  been  drawn,  and  we  wish  to  know  what  the  probability 
is  that  it  came  from  the  first  urn,  and  what  the  probability  is  that 
it  came  from  the  second  urn.  It  must  have  come  from  one  of  the 
two  urns,  so  that  the  sum  of  the  required  probabilities  is  unity. 
Instead  of  the  given  urns  let  us  substitute  two  others  which  have 
the  whole  number  of  balls  the  same  in  each  urn,  and  such  that 
each  urn  has  its  white  and  black  balls  in  the  same  proportion 
as  the  urn  which  it  replaces.  Thus  we  may  suppose  one  urn  with 
21  white  balls  and  9  black  balls,  and  the  other  with  25  white  balls 
and  5  black  balls.  Each  urn  now  contains  30  balls,  and  the  chance 
of  each  ball  being  drawn,  is  the  same.  Since,  by  supposition, 
a  white  ball  is  drawn  we  may  suppose  the  black  balls  to  have 
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been  removed,  aad  all  the  white  balls  put  into  a  new  urn.     Thus 
there  would  be  46  white  balls ;  and  the  probability  that  the  white 

ball  drawn  was  one  of  the  21  is  -^ ,  and  the  probability  that  it 

25  7  5 

was  one  of  the  25  is  ttt*    Now  here  «?,  =  ttt  >  *"id  P<»=  ^  i    ^^^ 

46  •^^10  ^ «     6 

^—  =  j^ ,  and  — ^^  =  -r^  .     Thus  the  result  agrees  with  that 


Pi-^Pi     ^^'  P,-^P2     46* 

given  by  the  theorem  in  Art.  734,  supposing  thatP^  and  P^  are  equal 

Kext,  suppose  that,  there  had  been  4  m*ns,  each  having  7 
white  balls  and  3  black  balls,  and  3  urns,  each  having  5  white 
balls  and  1  black  ball.  In  this  case,  by  proceeding  in  the  manner 
just  shewn,  we  may  deduce  that  the  probability  that  a  white  ball 
which  was  drawn  came  from  the  group  of  4  similar  urns  is 

'4x21         ^ 
4:  X  21-^3x25' 

and  the  probability  that  it  came  from  the  group  of  3  similar  urns  is 

3^25 
4  X  21  +  3  X  25  * 

Now  let  us  apply  the  theorem  of  Art.  734  to  estimate  the  proba- 
bility that  the  white  ball  came  from  the  first  group  and  the  proba- 
bility that  it  came  from  the  second  group.  Since  there  are  7  urns, 
of  which  4  are  iof  the  first  kind  and  3  of  the  second,  we  take 

4  3  7  5 

Pj  =  y,  andP,  =  y;  also/)j=j^,  andjc»^=-^.     Thus 

i     1  ^     ? 

1     1     ?     5'    ^»     4      7 3~5' 

7''l0^7''6  7''ro^7''6 

and  these  results  agree  with  those  which  we  have  already  indicated. 

736.  It  is  usual  to  call  the  quantities  P^,  ^av^.  of  Art 
734  the  a  priori  probabilities  of  the  existence  of  the  respective 
causes ;  and  Q^,  Q^,...  Q^  the  a  posteriori  probabilities.     Students 
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are  sometimes  perplexed  in  endeavouring  to  estimate  P^,  Pj,,...P  j 
the  safest  plan  is  to  observe  that  the  product  P^jp,  denotes  the 
probability  that  the  event  will  happen  as  the  result  of  the  r**"  cause ; 
and  the  correctness  of  the  prodiict  is  the  important  part  of  the 
solution,  because  F^  and  p^  do  not  occur  separcUdy  in  the  results. 
The  whole  proposition  may  be  best  understood  if  arranged  in  the 
following  order.  First  suppose  the  different  causes  all  equally- 
probable  before  the  observed  event;  let  -cr^  denote  the  probability 
of  the  occurrence  of  the  event  on  the  hypothesis  of  the  existence 
of  the  1^  cause ;  then  the  probability  of  the  7^  cause,  estimated 

after  the  occurrence  of  the  observed  event  is  :=-^ .     This  seems 

nearly  self-evident,  and  if  any  doubt  remains  it  may  be  removed 
by  the  mode  of  illustration  given  in  the  fii-st  part  of  Art.  735. 
Secondly,  suppose  that  the  terms  in  S-or  can  be  arranged  in  groups] 
suppose  there  to  be  /x,  terms  in  the  first  group,  and  that  each 
term  is  equal  to  p^y  suppose  there  to  be  fi^  terms  in  the  second 
group,  and  that  each  term  is  equal  to  p^,  and  so  on,  the  last  group 
consisting  of  /x^  terms,  each  equal  to  p^.  Then  Sw  may  be  written 
%fipy  where  the  series  Sftp  consists  of  n  terms.  Thus  the  proba- 
bility of  the  r^  cause  is  :^-^«  Also  the  probability  of  the  first 
group  of  causes  is  the  sum  of  the  separate  probabilities  of  the 
members  of  that  group,  that  is,    -^—^ .    Similar  expressions  hold 

for  the  probabilities  of  the  other  groups.  Thus  we  finally  arrive 
at  the  results  given  in  Art.  734,  where,  in  fact, 

737.  When  an  event  has  been  observed,  we  may,  by  Art.  734, 
estimate  the  probability  of  each  cause  from  which  that  event 
could  have  arisen ;  we  may  then  proceed  to  estimate  the  pro- 
bability that  the  event  will  occur  again,  or  that  some  other  event 
will  occur.  For  by  Art  724  we  multiply  the  probability  of  each 
cause  by  the  probability  of  the  happening  of  the  required  event  on 
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the  hypothesis  of  the  existence  of  that  cause,  and  the  sum  of  all 
such  products  is  the  probability  of  the  happening  of  the  required 
event. 

For  example,  a  bag  contains  3  balls,  and  it  is  not  known  how 
many  of  these  are  white;  a  white  ball  has  been  drawn  and 
replaced,  what  is  the  probability  that  another  drawing  will  give 
a  white  ball  1 

There  are  three  possible  hypotheses  :  (1)  all  the  balls  may  be 
white,  (2)  only  two  of  the  balls  may  be  white,  (3)  only  one  of  the 
balls  may  be  \?hite.  We  have  first  to  find  the  probability  of  each 
hypothesis  by  the  method  of  Art.  734.     On  the  first  hypothesis, 

the  observed  event  is  certain,  that  is,  the  chance  of  it  is  1 ;  on  the 

2 

second  hypothesis,  the  chance  of  the  observed  event  is  «  ;   on  the 

third  hypothesis,  the  chance  of  the  observed  event  is  ^ .    Hence, 

assuming  that  before  the  observed  event  the  three  hypotheses 
were  equally  probable,  we  have  after  the  observed  event, 

{2     !">      1 
1  +  ^  +k[  =  rt  > 

2     C       2     I'J      1 
probability  of  second  hypothesis  =  ^-^-jl  +-+—1=-, 

probability  of  third  h3rpothesis  =q-^]1  "*'^'*'^r~fi' 

The  probability  that  another  drawing  will  give  a  white  ball  is 

1  .    •  12 

-  X  1,  so  far  as  it  depends  on  the  first  hypothesis;  it  is  5  x  ^ ,  so 

far  as  it  depends  on  the  second  hypothesis;  and  it  is  ^  x  ;? ,  so  far 

0     3 

as  it  depends  on  the  third  hypothesis.     Hence  the  required  pro- 
bability is 

12      1  7 

2+9+is;thatis,  ^. 
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738.  We  give  another  example.  Suppose  a  bag  in  which 
the  ratio  of  the  number  of  white  balls  to  the  whole  number  of 
balls  is  unknown,  and  it  is  equally  probable,  a  prioriy  that  the  ratio 

is  any  one  of  the  following  quantities  x,  2xy  Zx,  nx;  suppose 

a  white  ball  to  be  drawn  and  replaced;  required  the  probability 
that  another  drawing  will  give  a  white  ball. 

Here  n  hypotheses  can  be  formed.  On  the  first  hypothesis  the 
probability  of  the  observed  event  is  a?,  on  the  second  hypothesis  it 
is  2x,  on  the  third  3aj,  and  so  on.     Hence  the  probability  of  the 

X  ,  2 

first  hypothesis  is  — r; — ^ r  :  that  is,  —. =-r .     The 

•'^  «c(l  +  2  + +n)'  '  n{n-\-l) 

2x2 

probability  of  the  second  hypothesis  is  — : r-v .     The  probability 

•^  n{n  +  l)  ^ 

2x3 

of  the  third  hypothesis  is   — ; 1-,      And  so  on.     Hence  the 

•^^  n{n  +  l) 

2x 

probability  that  another  drawing  will  give  a  white  ball  is     .       ,>. 

on  the  first  hypothesis,  — -. =^  on  the  second  hypothesis,  —. :r: 

on  the  third,  and  so  on.     Hence  the  required  probability  is 


l^0'-2'- -'}; 


w  (/*  + 1) 


that  is,        2.        .(n  +  l)(2.-H)  ^j2n  +  l) 

n{n  +  \)  6  ^  '         3 

When  n  is  very  great  this  approximates  to  —^         If  the 

ratio  of  the  number  of  the  white  balls  to  the  whole   number 
of  baUs  is  equally  likely,  a  priori,  to  have  any  value  between 

zero  and  unity,  then  x  is  indefinitely  small  and  «aj  =  1,  so  that  the 

2 
required  probability  is  ^ . 

739.     The  following  problems  will  illustrate  the  subject. 

(1)  A  bag  contains  m  white  balls  and  n  black  balls ;  if  j9  +  g 
balls  are  drawn  out,  what  is  the  probability  that  there  will  be  p 
white  balls  and  q  black  balls  occurring  in  an  assigned  order  ?   We 
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suppose  p  less  than  m  and  q  less  than  n)  and  the  balls  are  not 
replaced  in  the  bag  after  being  drawn  out. 

Suppose,  for  example,  that  the  first  ball  is  required  to  be  white, 
the  second  to  be  black,  the  third  to  be  black,  the  fourth  to  be 
white,  and  so  on  in  any  assigned  order.  Then  the  required  proba- 
bility is  the  product  of 

m  +  n^   m  +  7i— 1'   w  +  w  — 2'   m  +  w  — 3* 

therefore  the  required  probability  is 

m{m  —  l){m—2)  ...  (m — p  + 1) n{n'-l) (n-^  2)  ...  (n—q  +  1)  ^ 
{m  +  n)(m-hn  — 1)  (m-^-n  — 2)  ...(m +  71— p'^q  + I)        ^ 

and  it  will  be  observed  that  so  long  as  p  white  balls  and  q  black 
balls  are  required,  the  probability  is  the  same  whatever  may  he  the 
assigned  order  in  which  they  are  to  occur. 

(2)  The  suppositions  being  the  same  as  in  (1),  what  is  the 
probability  of  p  white  balls  and  q  black  balls  occurring  in  any 
order  whatever  ? 

Let  i\r  represent  the  number  of  diffei*ent  orders  in  which  p 
white  balls  and  q  black  balls  can  occur;  then  the  required  proba- 
bility is  obtained  by  multiplying  the  probability  found  in  (1)  by 
m     And 

Ifli 
The  problems  (1)  and  (2)  are  introductory  to  one  which  we  shall 
now  consider. 

(3)  A  bag  contains  m  balls  which  are  known  to  be  all  either 
white  or  black,  but  how  many  of  each  kind  is  unknown;  suppose 
p  white  balls  and  q  black  balls  have  been  drawn  and  not  replaced; 
find  the  probability  that  another  drawing  will  give  a  white  bsdl. 

The  observed  event  here  is  the  drawing  oip  white  balls  and  q 
black  balls.  To  render  this  possible,  the  original  number  of  white 
balls  may  have  been  any  number  from  m  —  ^  to  ^  inclusive,  and 
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the  number  of  black  balls  any  number  from  q  to  m  —  p  inplusive. 
Let  us  denote  the  hypothesis  of  m  —  q  white  and  q  black  by  ff^y 
and  the  hypothesis  ofm  —  q-^l  white  and  5^  +  1  black  by  H^,  and 
so  on.     Then  H^  gives  for  the  probability  of  the  observed  event 

^^(^--g)(^-y-l) (m-q^p  +  l)l.2.^ q 

m(w  — 1) (m  — g'— j>  +  l)  '    - 

where  i\r  denotes  the  number  of  different  ways  in  which  p  white 
balls  and  q  black  balls  can  be  combined  inp-^-q  trials.     Put  G  for 

_^_^.^^^__^^____^_— — ^— ^— ^— — ^^^-^^^-^__  • 
m{m  —  l) {m  —  q—p  +  1)' 

then  ZTj  gives  for  the  probability  of  the  observed  event 

where         P^=^{m-q){m-q -I) {m-q  -p  + 1), 

and  $j  =  1 .  2 .  3 q. 

Similarly,  H^  gives  for  the  probability  of  the  observed  event 

where  i^  =  («*  -  <?  - 1 ) k!^-q-'p\ 

^,  =  2,3.4 2'(9'  +  l). 

Thus,  ifw  =  m-2>-S'  +  2,  we  find  for  the  probability  of  JJ, , 

PQ 
this  we  may  denote  by  -^ . 

TO 
Similarly  the  probability  of  B^  is  -^  j  and  so  on.     Now  the 

probability  of  drawing  a  white  ball  on  another  trial 

TO      tn^p  —  q 
on  the  hypothesis  ^,  is  -lj  x  ^_^_^ ; 

on  the  hypothesis  ff^  it  is  -^  x  ■  ^_y_y    > 
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and  so  on.    Thus  the  whole  probability  of  drawii^g  &  white  ball  is 

The  series  in  brackets  is  of  the  same  kind  as  S  with  jp  + 1 
written  instead  of  jp,  the  number  of  terms  being  one  less  than  in  S. 

[plq          In-l-^-p  +  q 
Now  by  Art  665,    ^=[^  +  ^+1^ |rt-2       ' 

IP  +  I  \q   [Ti-l-f-p-f-y 
hence  the  series  within  brackets  is 


jo  +  y  +  2         I  w  -  3 


and  the  required  probability  is   -       -    ^ 


p  +  q-\-2     m  —p  —  q     jo  +  ^  +  2 ' 

For  a  more  general  investigation  connected  with  this  import- 
ant problem  the  student  is  referred  to  the  History  of  ProbaMHty^ 
page  454. 

740.  The  mathematical  theory  of  probability  has  been  applied 
to  estimate  the  probability  of  statements  which  are  supported  by 
assertions  or  by  arguments.     We  will  give  some  examples. 

The  probability  that  A  speaks  truth  is  p,  and  the  probabiKty 
that  B  speaks  truth  is  p';  what  is  the  probability  of  the  truth  of 
an  assertion  which  they  agree  in  making  1  There  are  two  possible 
hypotheses;  (1)  that  the  assertion  is  true,  (2)  that  it  is  not.  If 
it  be  true,  the  chance  that  they  both  make  the  assertion  is  pp';  if 
it  be  false,  the  chance  that  they  both  make  it  is  (1  —  jo)  (1  —p'). 
Hence,  by  Art.  734,  the  probabilities  of  the  truth  and  falsehood 
of  the  assertion  are  respectively 

PP  and^^""^^^^""^'^ 


^'+(i-^)(i-;>')   >y+(i-p)(i-/)' 

Similarly,  if  the  assertion  be  also  made  by  a  third  person  whose 
probability  of  speaking  truth  is  p'\  the  probabilities  of  the  truth 
and  ^Isehood  of  the  assertion  are  respectively 

pp'p"+{i-pKi-p')(i-p")  *"''  ppy+{i-p){i-p'){i-py 

and  so  on  if  more  persons  join  in  the  assertion. 
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741.  We  will  make  a  few  remarks  on  the  preceding  Article. 

When  we  say  that  the  probability  of  A* a  speaking  truth  is  p, 
we  mean  that  out  of  a  large  number  of  statements  made  by  A,  the 
ratio  of  the  number  iliat  are  true  to  the  number  that  are  not  true 
is  that  of  jt?  to  1  —p ;  thus  the  value  of  p  depends  on  the  correct- 
ness of  -4's  judgment  as  well  as  on  his  veracity. 

The  result  in  Art.  740  gives  the  probability  of  the  truth  of  the 
assertion,  so  far  as  that  truth  depends  solely  on  the  testimony  of 
the  witnesses  considered;  there  may  be  from  other  sources  addi- 
tional evidence  for  or  against  the  assertion.  Thus  the  person  who 
is  estimating  the  probability  may  himself  have  a  conviction  more 
or  less  decided  in  favour  of  the  assertion  which  is  independent  of 
the  testimony  he  receives  from  the  witnesses.  It  has  been  proposed 
to  combine  this  conviction  with  the  testimonies  which  are  con- 
sidered in  the  problem.  Thus,  if  there  be  two  witnesses  with  pro- 
babilities p  and  p'  respectively  of  speaking  the  truth,  and  a  third 
person  estimates  the  probability  of  the  truth  of  the  assertion  at  p" 
from  his  own  independent  sources  of  belief,  then  to  him  the  odds 
in  favour  of  the  truth  of  the  assertion  are 

PpY  to  (l-p)(l-p'){l-p"). 

Still  the  result  is  considered  unsatisfactory  by  some  writers, 
who  object  with  great  reason  to  the  solution  on  the  ground  that  it 
omits  all  eonsideration  of  the  circumstance  that  it  is  the  same 
occurrence  to  which  the  several  testimonies  are  offered.  In  the 
following  problem  this  circumstance  is  expressly  considered. 

742.  Two  persons^  whose  probabilities  of  speaking  the  truth 
are  p  and  p'  respectively,  assert  that  a  specified  ticket  has  been 
drawn  out  of  a  bag  containing  n  tickets  j  required  the  probability 
of  the  truth  of  the  assertion. 

The  observed  event  here  is  the  coincident  testimony  of  A  and  B 
in  feivour  of  a  specified  ticket. 

Here  -  is  the  a  priori  probability  that  the  specified  ticket  would 
be  drawn.     The  probability  of  the  observed  event  on  the  hypo- 
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mym% 

thesis  tliat  the  specified  ticket  was  drawn  is  then  —  .     The  ]»o- 

bobilit J  of  the  ohserred  eveat  on  the  hypothesis  that  it  was  not 

drawn  might  at  first  he  supposed  to  he  (1  —j>)  (1  —  jp') j  hnt 

if  tiie  persons  have  no  indocement  to  seleet  the  specified  ticket 
among  those  really  undrawn,  this  expression  must  he  multiplied  hy 

T-rj ,  which  is  the  prohability  of  th^  sdecting  the  same  num- 
ber among  the  undrawn  numbers.     Thus  the  probability  of  the 

observed  event  on  the  second  hypothesis  is  ^ ^       , .       .     Thus 

w(»— 1) 

the  odds  for  the  truth  of  the  assertion  are, 

^-^  to  ^^ — -/  ^   ,.      ■,  or  pp  to \    '^  ' . 

n  w(?i— 1)  ^^  n—X 

743.  The  question  in  Art.  740  is  respecting  the  truth  of 
eoncu/rrent  testimony ;  we  may  now  consider  the  truth  of  tra- 
dUionart/  testimony.  A  says  that  B  says  that  a  certain  event 
took  place ;  required  the  probability  that  the  event  did  take  place. 
Let  p  and  p'  be  the  probabilities  of  speaking  the  truth  of  A 
and  B  respectively.  The  event  did  take  place  if  they  both  speak 
truth,  or  if  they  both  speak  falsehood ;  and  the  event  did  not 
take  place  if  only  one  of  them  speaks  truth.  Thus  the  odds  that 
the  event  did  take  place  are 

pp'  +  (1  - p) (1  -/)  to  p (1  "p) -hp  (1  -p). 

744.  If  there  be  n  witnesses^  each  of  whom  has  transmitted  a 
statement  of  an  occurrence  to  the  next,  and  if  jp  be  the  probability 
of  speaking  the  truth  of  each  witness,  the  probability  of  the  truth 
of  the  statement  is  to  the  probability  of  its  falsehood  as  the  sum  of 
the  odd  terms  of  the  expansion  of  (p  +  q)*  is  to  the  sum  of  the  even 
terms,  q  being  put  equal  to  1—p  after  the  expansion  has  been 
effected.  For  the  statement  is  true  if  all  the  witnesses  speak  truth, 
or  if  two,  or  four,  or  any  even  number  speak  falsehood. 
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745.  Suppose  that  certain  argrmierUs  are  logically  sound, 
and  tliat  the  probabilities  of  the  truth  of  their  respective  premises 
are  known ;  required  the  probability  of  the  truth  of  the  conclusion. 
For  example,  suppose  that  there  are  three  arguments,  and  let 
p,  p\  p"  denqte  the  respective  probabilities  of  their  premises.  The 
conclusion  is  valid  unless  all  the  arguments  fail .  The  chance  that 
they  all  fail  is  (1  —p)  (1  —p)  (1  — />") ;  hence  the  chance  that  they, 
do  not  fail  is  1  —  (1  —p)  (1  —p) (1  —/>")>  which  is,  therefore,  the 
required  probability. 

746.  Of  such  an  extensive  subject  as  the  Theory  of  Proba- 
bility only  an  outline  can  be  given  in  an  elementary  work  on 
Algebra.  The  student  who  is  prepared  for  fiirther  investigation 
will  find  a  list  of  the  necessary  books  in  the  article  Probability  in 
the  Penny  Cyclopcedia;  to  that  list  may  be  added  the  work  of. 
Professor  Boole  on  the  Laws  of  Thought,  For  an  elementary 
discussion  of  the  first  principles  of  the  subject  the  student  may 
consult  De  Morgan's  Formal  Logic,  Chapters  ix.  and  x.  "We  may 
also  refer  to  the  History  of  the  Mathematical  Theory  of  Proba- 
bUUy,  from  the  time  of  Pascal  to  that  of  Laplace;  this  work  intro- 
duces the  reader  to  almost  every  process  and  every  species  of 
problem  which  the  literature  of  the  subject  can  furnish. 

EXAMPLES   ON  PBOBABILITY. 

1.  The  odds  against  a  certain  event  are  3  to  2 ;  and  the 
odds  in  favour  of  another  event  independent  of  the  former  are 
4  to  3.  What  are  the  oddd  for  or  against  their  happening 
together ) 

2.  Supposing  that  it  is  8  to  7  against  a  person  who  is  now 
30  years  of  age  living  till  he  is  60,  and  2  to  1  against  a  per- 
son who  is  now  40  living  till  he  is  70;  find  the  probability 
that  one  at  least  of  these  persons  will  be  alive  30  years  hence. 

3.  A  party  of  23  persons  take  their  seats  at  a  round  table  ; 
shew  that  it  is  10  to  1  against  two  specified  individuals  sitting 
next  to  each  other. 
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4.  The  cliauce  that  A  can  solve  a  certain  problem  is  j ;   the 

2 
chance  that  B  can  solve  it  is  ^  ;  what  is  the  chance  that  the  pro- 
blem will  be  solved  if  they  both  try  ? 

5.  What  is  the  chance  of  drawing  two  black  balls  and 
one  red  from  an  urn  containing  five  black,  three  red,  and  two 
white  ? 

6.  What  is  the  probability  that  an  ace  and  only  one  will  be 
thrown  in  two  trials  with  one  die  1 

7.  What  is  the  probability  of  throwing  one  ace  at  least  in 
two  trials  with  one  die  1 

8.  What  are  the  odds  against  throwing  one  of  the  two  nnm- 
bers  7  or  11  in  a  single  throw  with  two  dice  1 

9.  Two  purses  contain  the  same  number  of  sovereigns  and 
a  different  number  of  shillings ;  one  purse  is  taken  at  random 
and  a  coin  is  drawn  out;  shew  that  it  is  more  likely  to  be  a 
sovereign  than  it  would  be  if  all  the  coins  had  been  in  one 
purse? 

10.  There  are  four  men,  A,  B,  (7,  D  whose  powers  of  rowing 
may  be  represented  by  the  numbers  6,  7,  8,  9  respectively;  two  of 
them  are  placed  by  lot  in  a  boat,  and  the  other  two  in  a  second 
boat.  Find  the  chance  which  each  man  has  of  being  a  winner  in 
a  race  between  the  boats. 

11.  In  one  throw  with  a  pair  of  dice  what  is  the  chance  that 
there  is  neither  an  ace  nor  doublets  1 

12.  If  from  a  lottery  of  30  tickets  marked  1,  2,  3,  

four  tickets  be  drawn,  what  is  the  chance  that  1  and  2  will  be 
among  them? 

13.  A  has  3  shares  in  a  lottery  where  there  are  3  prizes 
and  6  blanks;  B  has  1  share  in  another  where  there  is  but  1  prize 
and  2  blanks.  Shew  that  A  has  a  better  chance  of  getting  a  piiae 
than  B  in  the  ratio  of  16  to  7. 
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14.  Two  bags  contain  each  4  black  and  3  white  balls;  a 
person  draws  a  ball  at  random  from  the  first  bag,  and  if  it  be 
white  ho  puts  it  into  the  second  bag  and  then  draws  a  ball  from 
it;  find  the  chance  of  his  drawing  two  white  balls. 

15.  A  coin  is  thrown  up  n  times  in  succession ;  what  is 
the  chance  that  the  head  will  present  itself  an  odd  number  of 
times] 

16.  When  n  coins  are  tossed  up,  what  is  the  chance  that  one 
and  only  one  will  turn  up  head? 

17.  Supposing  the  House  of  Commons  to  consist  of  m  Tories 
and  n  Whigs,  find  the  probability  that  a  committee  of  p  +  ^ 
selected  by  lot  may  consist  of  ^  Tories  and  q  Whigs. 

18.  What  is  the  chance  that  a  person  with  two  dice  will 
throw  aces  at  least  four  times  in  six  trials  ? 

19.  Find  the  chance  of  throwing  an  ace  with  a  single  die 
once  at  least  in  six  trials. 

20.  If  on  an  average  9  ships  out  of  10  return  safe  to  port^ 
what  is  the  chance  that  out  of  5  ships  expected  at  least  3  will 
arrive? 

21.  In  three  throws  with  a  pair  of  dice,  what  is  the  proba- 
bility of  having  doublets  one  or  more  times  ? 

22.  What  is  the  chance  of  throwing  sixes  once  or  ofbener  ill 
three  throws  with  a  pair  of  dice  ? 

23.  In  a  lottery  containing  a  large  number  of  tickets  where 
the  prizes  are  to  the  blanks  as  1  to  6,  what  is  the  chance  of 
drawing  at  least  2  prizes  in  5  trials  1 

24.  If  four  cards  be  drawn  from  a  pack,  what  is  the  proba- 
bility that  there  will  be  one  of  each  kind? 

25.  If  four  cards  be  drawn  from  a  pack,  what  is  the  proba- 
bility that  they  will  be  marked  one,  two,  three,  four,  of  the  same 
suit  ? 

26.  If  -4's  skill  at  any  game  be  double  that  of  £,  the  odds 
against  ^*s  winning  4  games  before  B  wins  2  are  131  to  112.  • 
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27.  Two  persons  A  and  B  engage  in  a  game  in  whidH  ^*s 
skill  is  to  J^'s  as  2  to  3.  Find  the  ohanoe  of  A*a  winning  at  least 
2  games  out  of  5, 

28.  Three  white  balls  and  five  black  are  placed  in  a  bag,  and 
three  persons  draw  a  ball  in  succession  (the  balls  not  being  re- 
placed) until  a  white  ball  is  drawn.  Shew  that  their  respective 
chances  are  as  27,  18  and  11. 

29.  In  each  game  that  is  played  it  is  2  to  1  in  favour  of  the 
winner  of  the  game  befoi-e.  What  is  the  chance  that  he  who  wins 
the  first  game  shall  win  three  or  more  of  the  next  four  1 

30.  A  certain  stake  is  to  be  won  by  the  first  person  who 
throws  ace  with  a  die  of  n  faces.  If  there  be  p  persons,  find 
the  chance  of  the  r***  person. 

31.  There  are  3  parcels  of  books  in  another  room  and  a  parti- 
cular book  is  in  one  of  them.  The  odds  that  it  is  in  one  particular 
parcel  are  3  to  2 ;  but  if  not  in  that  parcel  it  is  equally  likely  to 
be  in  either  of  the  others.  If  I  send  for  this  parcel  giving  a 
description  of  it,  and  the  odds  I  get  the  one  I  describe  are  2  to  1, 
what  is  my  chance  of  getting  the  book  I  want  ] 

32.  In>  purse  are  ten  coins,  all  shillings  except  one  which  is 
a  sovereign;  in  another  are  ten  coins  all  shillings.  Nine  coins  are 
taken  out  of  the  former  purse  and  put  into  the  latter,  and  then 
nine  coins  are  taken  from  the  latter  and  put  into  the  former.  A 
person  is  now  permitted  to  take  whichever  purse  he  pleases; 
which  should  he  choose? 

33.  One  urn  contained  5  white  balls  and  5  black  balls;  a 
second  urn  contained  10  white  balls  and  10  black  balls;  a  ball,  of 
which  colour  is  not  known,  was  removed  from  one  urn,  but  which 
is  not  known,  into  the  other.  A  drawing  being  now  made  firom 
one  of  the  urns  chosen  at  random,  what  is  the  chance  that  it  will 
give  a  white  ball  1 

34.  Find  the  chance  of  throwing  15  in  one  throw  with  3  dice. 

35.  Find  the  chance  of  throwing  17  in  one  throw  with  3  dioe. 
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36.  Find  the  chance  of  throwing  not  more  than  10  with  3 
dice. 

37.  When  2n  dice  are  thrown,  prove  that  the  sum  of  the 
numbers  turned  up  is  more  likely  to  be  7»  than  any  other 
number. 

38.  "When  2yi  + 1  dice  are  thrown,  prove  that  the  chance 
that  the  sum  of  the  numbers  turned  up  is  7w  +  4  equals  the 
chance  that  the  sum  of  the  numbers  turned  up  is  7n  +  3,  and 
that  the  chance  is  greater  than  the  chance  that  the  sum  is  any 
other  number. 

39.  Out  of  a  set  of  cards  numbered  from  1  to  10  a  card  is 
drawn  and  replaced;  after  ten  such  drawings  what  is  the  proba- 
bility that  the  sum  of  the  numbers  drawn  is  24  1 

40.  Counters  numbered  0,  1,  2, n,  are  placed  in  a  box ; 

after  one  is  drawn  it  is  put  back,  and  the  process  is  repeated. 
What  is  the  probability  that  m  drawings  will  give  the  counter 
marked  al  ' 

41.  There  are  10  tickets  5  of  which  are  blanks  and  the  others 
are  marked  1,  2,  3,  4,  5;  what  is  the  probability  of  drawing  10  in 
three  trials,  the  tickets  being  replaced  9 

42.  Required  the  probability  in  the  preceding  question  if  the 
tickets  are  not  replaced. 

43.  From  a  bag  containing  n  balls  p  balls  are  drawn  out  and 
replaced,  and  then  q  balls  are  drawn  out.  Shew  that  the  proba- 
bility of  exactly  r  balls  being  common  to  the  two  drawings  is 

In^rlp  —  r^q-r^n—p  —  q  +  r' 

44.  Eight  persons  of  equal  skill  at  chess  draw  lots  for  part- 
ners and  play  four  games;  the  four  winners  draw  lots  again  for 
partners  and  play  two  games ;  and  the  two  winners  in  these  play 
a  final  game ;  find  the  chance  that  two  assigned  persons  will  have 
played  together. 
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45.  In  a  bng  are  n^  white  and  n  black  baUs.  Shew  that 
the  chance  of  drawing  first  a  white,  then  a  black  ball,  and  so 
on  alternately  until  the  balls  remaining  are  all  of  one  colour  is 

\m\n 

If  w  balls  are  drawn  at  once,  what  is  the  chance  of  drawing 
all  the  white  baUs  at  the  first  trial  1 

46.  In  a  bag  are  n  balls  of  m  colours,  p^  being  of  the  first 
colour,  p^  of  the  second  colour,  ...ji?^  of  the  m*^  colour.  If  the 
balls  be  drawn  one  hj  one,  what  is  the  chance  that  all  the  balls 
of  the  first  colour  will  be  first  drawn,  then  all  the  balls  of  the 
second  colour,  and  so  on,  and  lastly  aU  the  balls  of  the  m^  colour] 

47.  A  bag  contains  n  balls ;  a  person  takes  out  one  and  puts 
it  in  again;  he  does  this  n  times;  what  is  the  probability  of  his 
having  had  in  his  hand  every  ball  in  the  bag  1 

48.  Two  players  of  equal  skill,  A  and  B,  are  playing  a  set  of 
games.  A  wants  2  games  to  complete  the  set^  and  B  wants  3 
games.     Compare  the  chances  of  A  and  B  for  winning  the  setw 

49.  If  three  persons  dine  together,  in  how  many  different 
ways  can  they  be  seated  ]  When  they  have  dined  together  exactly 
so  many  times,  taking  their  places  by  chance,  what  is  the  proba- 
bility that  they  will  have  sat  in  every  possible  ikrrangement  1 

50.  j^  is  a  given  number;  a  lower  number  is  selected  at  ran- 
dom, find  the  chance  that  it  will  divide  If. 

51.  A  handful  of  shot  is  taken  at  random  out  of  a  bag; 
what  is  the  chance  that  the  number  of  shot  in  the  handful  is 
prime  to  the  number  of  shot  in  the  bag)  For  example,  suppose 
the  number  of  shot  in  the  bag  to  be  105. 

52.  If  n  =  a*",  and  any  number  not  greater  than  n  be  taken 
at  random,  the  chance  that  it  contains  a  as  a  factor  #  tunes  and  no 

.     1       1 
more  IS  -.-^. 
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53.  Two  persons  play  at  a  game  which  cannot  be  drawn, 
and  agree  to  continue  to  play  until  one  or  other  of  them  wins 
two  games  in  succession;  given  the  chance  that  one  of  them  wins 
a  single  game,  find  the  chance  that  he  wins  the  match  described. 
For  example,  if  the  odds  on  a  single  game  be  2  to  1,  the  odds  on 
the  match  will  be  16  to  5. 

5L  A  person  has  a  pair  of  dice,  one  a  regular  tetrahedron, 
the  other  a  regular  octahedron ;  what  is  the  chance  that  in  a  single 
throw  the  sum  of  the  marks  is  greater  than  6 1 

55.  There  are  three  independent  events  of  which  the  pro- 
babilities are  respectively  p^,  p^y  p^;  find  the  probability  of  the 
happening  of  one  of  the  events  at  least;  also  of  the  happening  of 
two  of  the  events  at  least. 

56.  A  certain  sum  of  money  is  to  be  given  to  one  of  three 
persons  A,  B,  (7,  who  first  throws  10  with  three  dice;  supposing 
them  to  throw  successively  in  the  order  named  until  the  event  has 
happened,  shew  that  their  chances  are  respectively 


(ys)'  (^"''""^(rs)' 


(13) 

57.  The  decimal  parts  of  the  logarithms  of  two  numbers 
taken  at  random  are  found  from  a  table  to  7  places ;  what  is  the 
probability  that  the  second  can  be  subtracted  from  the  first  with- 
out borrowing  at  all  1 

58.  A  undertakes  with  a  pair  of*  dice  to  throw  6  before  B 
throws  7 ;  they  throw  alternately,  A  commencing.  Compare  their 
chances. 

59.  A  person  is  allowed  to  draw  two  coins  from  a  bag  con- 
taining 4  sovereigns  and  4  shillings.  What  is  the  value  of  his 
expectation  1 

60.  If  six  guineas,  six  sovereigns,  and  six  shillings  be  put 
into  a  bag,  and  three  be  drawn  out  at  random,  what  is  the  value  of 
the  expectation  ? 
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61.  Ten  Bussian  ships,  twelve  French,  and  fonrteen  English 
are  expected  in  port.  What  is  the  value  of  the  expectation  of  a 
merchant  who  will  gain  J12100  if  one  of  the  first  two  which 
arrive  is  a  Russian  and  the  other  a  French  ship  ? 

62.  From  a  bag  containing  3  guineas,  2  sovereigns,  and  4 
shillings,  a  person  draws  3  coins  indiscriminately;  what  is  the 
value  of  his  expectation  1 

63.  What  is  the  worth  of  a  lottery-ticket  in  a  lottery  of  100 
tickets,  having  four  prizes  of  £100,  ten  of  £50,  and  twenty  of  £5  f 

64.  A  bag  contains  9  coins,  5  are  sovereigns,  the  other  four 
are  equal  to  each  other  in  value;  find  what  this  value  must  be  in 
order  that  the  expectation  of  receiving  two  coins  out  of  the  bag 
may  be  worth  24  shillings. 

65.  From  a  bag  containing  4  shilling  pieces,  3  unknown  sil- 
ver coins  of  the  same  value,  and  one  unknown  gold  coin,  four  are 
to  be  drawn.  If  the  value  of  the  drawer's  chance  be  15  shillings^ 
what  are  the  coins  1 

66.  A  and  B  subscribe  a  sum  of  money  for  which  they  toss 
alternately  beginning  with  A,  and  the  first  who  throws  a  head  is 
to  win  the  whole.  In  what  proportion  ought  they  to  subscribe? 
If  they  subscribe  equally,  how  much  should  either  of  them  give 
the  other  for  the  first  throw  ] 

67.  There  are  a  number  of  counters  in  a  bag  of  which  one  is 
marked  1,  two  2,  <fec.  up  to  r  marked  r;  a  person  draws  a  number 
at  random  for  which  he  is  to  receive  as  many  shillings  as  the  num- 
ber marked  on  it;  find  the  value  of  his  expectation. 

68.  A  bag  contains  a  number  of  tickets  of  which  one  is 
marked  1,  four  marked  2,  nine  marked  3,  ...  up  to  w*  marked  n; 
a  person  draws  a  ticket  at  random  for  which  he  is  to  receive  as 
many  shillings  as  the  number  marked  on  it;  required  the  value  of 
his  expectation. 

69.  A  man  is  to  receive  a  certain  number  of  shillings,  he 
knows  that  the  digits  of  the  number  are  1,  2,  3,  4,  5,  but  he  is 
ignorant  of  the  order  in  which  they  stand;  determine  the  value  <ii 
his  expectation. 
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70.  From  a  bag  containing  a  counters  some  of  whicH  are 
marked  with  numbers,  b  counters  are  to  be  drawn,  and  the  drawer 
is  to  receive  a  number  of  shillings  equal  to  the  sum  /of  the  num- 
bers on  the  counters  which  he  draws;  if  the  sum  of  the  numbers 
on  aU  the  counters  be  n,  what  will  be  the  value  of  his  chance  ? 

71.  There  are  two  urns,  and  it  is  known  that  one  contains 
8  white  balls  and  4  black  balls,  and  that  the  other  contains 
12  black  balls  and  4  white  balls;  from  one  of  these,  but  it  is  not 
known  from  which,  a  ball  is  taken  and  is  found  to  be  white; 
iind  the  chance  that  it  was  drawn  from  the  urn  containing  8  white 
balls. 

72.  Five  balls,  any  one  of  which  may  be  either  white  or  black, 
are  in  a  bag,  and  two  being  drawn  are  both  white;  find  the  pro- 
bability  that  all  are  white. 

73.  A  purse  contains  n  coins  which  are  either  sovereigns  or 
shillings;  a  coin  drawn  is  a  sovereign,  what  is  the  probability  that 
this  is  the  only  sovereign  ] 

74.  A  bag  contains  4  white  and  4  red  balls;  two  are  taken 
out  at  random,  and  without  being  seen  are  placed  in  a  smaller 
bag ;  one  is  taken  out  and  proves  to  be  white,  and  replaced  in  the 
smaller  bag ;  one  is  again  taken  out  and  proves  to  be  again  white, 
what  is  now  the  probability  that  both  balls  in  the  smaller  bag  are 
white  1 

75.  Of  two  purses  one  originally  contained  25  sovereigns,  and 
the  other  10  sovereigns  and  15  shillings.  One  purse  is  taken  by 
chance  and  4  coins  drawn  out  which  prove  to  be  all  sovereigns; 
what  is  the  probability  that  this  purse  contains  only  sovereigns, 
and  what  is  the  value  of  the  expectation  of  the  next  coin  thab  will 
be  drawn  from  it  1 

76.  A  bag  contains  three  bank  notes,  and  it  is  known  that 
each  of  them  is  either  a  £5,  a  £10,  or  a  £20  note ;  at  three 
successive  dips  in  the  bag  (the  note  being  replaced  after  each 
dip)  a  £5  note  was  drawn.  What  is  the  probable  value  of  the  con- 
tents of  the  bag  1 
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77.  It  is  3  to  1  that  A  speaks  the  truth,  4  to  1  that  B  does, 
and  6  to  1  that  C  does ;  what  is  the  probability  that  an  event 
took  place  which  A  and  B  assert  to  have  happened  and  which  G 
denies  ? 

78.  A  speaks  truth  3  times  out  of  4,  ^  4  times  out  of  5 ;  they 
agree  in  asserting  that  from  a  bag  containing  9  balls,  all  of  dif- 
ferent colours,  a  white  ball  has  been  drawn;  shew  that  the  proba- 

.96 
bility  that  this  is  true  is  —  • 

79.  Suppose  thirteen  witnesses,  each  of  whom  makes  but  one 
false  statement  in  eleven,  to  assert  that  a  certain  event  took  place ; 
shew  that  the  odds  are  ten  to  one  in  favour  of  the  truth  of  their 
statement,  even  although  the  a  priori  probability  of  the  event  be 

as  small  as  r-rr^ — r-  . 

10**  +  1 

80.  One  of  a  pack  of  52  cards  has  been  removed ;  from  the 
remainder  of  the  pack  two  cards  are  drawn  and  are  found  to  be 
spades ;  find  the  chance  that  the  missing  card  is  a  spade. 

81.  If  two  persons  walk  on  the  same  road  in  opposite  direc- 
tions during  the  same  interval  of  time  a  +  5  +  o,  the  one  completing 
the  distance  in  a  time  a,  and  the  other  in  a  time  &,  what  is  the 
chance  of  their  meeting  ? 

82.  Find  how  many  odd  numbers  taken  at  random  must  be 
multiplied  together,  that  there  may  be  at  least  an  even  chance  of 
the  last  figure  being  5. 

Given  log,^2  =  -30103. 


LIY.     MISCELLANEOUS  EQUATIONS. 

747.  Equations  may  be  proposed  which  require  peculiar  arti- 
fices for  their  solution;  in  the  following  collection  the  student 
will  find  ample  exercise;  he  should  himself  try  to  solve  thc( 
equations,  and  afterwards  consult  the  solution  here  given. 

a?'4-2a;  +  2     a?'  +  8a?  +  20  _a;'  +  4a?  +  6     a^-f6a?-fl2 
aj+1  aj  +  4       ""      a;  +  2  aj  +  3 
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x-^1  + +a;  +  4:  + 7  =  a; +  2  + x+a5+3  + 


2, 


theu 


aj  +  1  05  +  4  x  +  2  x  +  0 

14  2  3 

+ .  = ^  + 


x  +  l     »  +  4     05  +  2     ic  +  3^ 

1        _A.«__? i- 

»+i'"o5  +  2     05  +  3     aj  +  4' 

X  X 


<B"+3a;  +  2         05*+ 7a; +  12^ 
either  a;=0,  or  »*+ 3a;+ 2  =  05*+ 7a5  + 12, 
4a?  =  -10; 

.•.    05  =  -2^. 

1111 


I        (       2x        ^  1  1_ 


fl3-(a  +  6)  _  1 


x  +  a  +  h  of -{a  — by     05*  —  (a  +  6)* ' 

a;--(a+5)   _        1 
•'•aj'-(a-6)*""a?^(a  +  6)'' 

2aj(a  +  6)  =  (a  +  6)*+(a--5)*; 
a'  +  ft* 


.'.  «= 


a  +  6 


3      05*  \3     x/ 

3(y-+|)=10y, 


JOy     25^1. 
^       3        9      9' 
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4. 


.\  y  =  2  or  g; 

.'.  iB*  — 12  =  6aj  or  4a;; 
.-.  aj  =  6  or -2  or  3±^(21). 

(5a:*  +  10a;' 4-  l){5a*  +  lOa'  +  1)  _ 
"(a;*  +  10x»  +  6)(a*+10a'+5)    "^^^ 

5a;*  + 10a;*  4-1      a*4-10a"  +  5a 


••  a;*+10a;'  +  5a;     5a*4-10a'+l' 

adding  and  subtracting  the  numerator  and  denominator  of  each 
fraction, 

x+l ^l+a 


•  •  a;  —  "•  • 
a 


5. 
Since 


(a;-l)«  +  (2a;+3)'=27a;'  +  8. 
(a;-.l)+(2a;+3)  =  3a;  +  2, 


divide  both  sides  by  3aj+  2,  which  gives  a;=  —  ^  for  one  value  of 
X ;  and  we  have 

(a;- l)*-.(a;- l)(2a;  + 3)  +  (2a;  + 3)'=  9a;'- 6a:+ 4, 

3a;'+  9a;  +  IS  =  9a!"-  6a;  +  4, 

eaf  -  15a;  =  9, 

,^5x     2525     3     49, 
^      2  ■*"16"16"^2""16' 

^7  ^1 

.'.  a;-T"'*=T^  •*•  a;  =  3  or  — ^r. 
4        4  22 


(  aj  +  1 


T4-; 


■\-65\ 

r24-5a;     5-6a;     „)     „^ri7-7a;     8a;  +  55      .) 
(  a;  +  l        a;  +  4  J  (a;+2         aj+3  J* 


(  a;4-2         » 
17  -  7a;     8a;  +  55 
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31 

(24- 

1  a  + 

5x     ^     5—6x     ^1 

-^i-  +  5  + r-  +6V  = 

1                    05  +  4            J 

=29P-;^ 

+  7  + 

a?  + 

55 
3 

31  {-^ 
{x+l 

29  ) 

05+4^ 

(a? +  2 

31  ). 
a;+3J' 

1 

• 

«+] 

1 

L"*'a;  +  4" 

1            1 

iC+2       05+  . 

3' 

1 

1 

1        1 

-} 


SB+l     x  +  2     x  +  3     a;+4' 
(aj  +  1)  (o5  +  2)  =  (a;  +  3)  (a?  +  4), 
3aj  +  2=7a;+12, 
4a;  =  -10, 
a;  =  -2i. 

1  (a;+lXa;-3)     1  (a;  +  3)(a;-5)       2   (a;  +  5)(a;-7)      92 
5{a;+2Xa;-4)     9  (a;  +  4)(a;-6)  "^  13  (a;+ 6)(a;-8)  ~  585  ' 

It  is  clear  tliat  the  numerator  and  denominator  of  each  fraction 
involves  the  expression  x'-'2x,  put  therefore  (aJ--l)'  =  y;  then 
the  equation  becomes 

1  y-4     1  y-16      2  y-36_  92 
5y-9"*"9y-25      13  3^^^^  ""585* 

T^  1     1      2       92 

-Now  --+--  — 


5     9      13     585' 

subtracting  corresponding  terms,  we  have 

15        19  2      13 


6 

y-9 

9  y-26 

13  y- 

-49-" 

1          1 

y-9  'y-25" 

2 
y-49 

=  0. 

1 

1 

1 

1 

y-9 

y_49     3/ 
-40 

'-49 
24 

• 

y-25' 

y-9     y-25' 
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.-.  3(y-9)  +  5(3r-25)  =  0, 

8y=152; 
.-.  y=19  and  ««=  1*^(19). 

c  +  3a?     ^^''oj  +  Sc' 

xi  x-\-3a  _ci  c  +  3x 
al  a-hSx     aji  a?  +  3c' 

»'  4-  3aaji     c'  +  3c^ 

_  —  ,  • 

o^  +  Za^x     x^  +  3c»4  ^ 

adding  and  subtracting,  we  have 

{x^  +  a^f  _  (c*  +  g*)' 

aji  +  fli      (.4  +  aji 
a     x' 

Here  {«,  +  V(2«»)  +  «}  +  ^^^^^^  =  2. 

.*.  {x+  J{2ax)  +  a}*- 2 {a;  +  ^{2ax)  +  a}  +  1  =  0, 

x  +  a-{-  ^{2ax)=  1, 

(«  +  a)"-  2  (a?  +  a)  +  1  =  2aa:, 

a^-2aj+  l  =  2a-a*; 
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-    10.  («  +  a)(aj  +  2a)(a5  +  3a)(a;  +  4a)  =  c*, 

or  (a;  -ha)(x  +  4a)  x  {x+2a)  (x  +  3a)  =  c*, 

(a5*  +  6aa?+  4a')  («"  +  5aa;  +  6a*)  =  c* ; 
let  a?  +  5ax  =  ya*, 

then  (y  +  4)(y+6)  =  -i; 

.-.  3^*  +  10y +  25  =  ^+1; 

a 

1 

.-.  2^  =  ±-5(a*+c*)*-5; 
a 

.-.  2  =  (2a!  - 1)'  (4«  - 1)  (4*  -  3) 

=  (2aj-l)'{2(2a;-l)  +  l}{2(2a;-l)-l}. 

Let  y  =  2a;  —  1, 

then  y'(4y'-l)  =  2; 

^    y*     J._l       2     33 
•*•  y  ~4'*"64~64'^4~64' 

2/*  =  1(1*  ^33); 
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»  +  6 /^-4y    x-e  /a;+9Va;-f  6     aj-6 
a;-6  r/g^-Oy      I  _ a?H-6  T   _  /a; - 4y ^ 


a;-6         36a;        a? +  6     16aj 

X 


•  9 


x+6      {x-yy     a-6(a?  +  4y 

.*.  «=  0  is  one  value;  and  for  the  others  we  have 

/x  -  6y_  16  /a?-9y 

a;-6        2aJ-9 

j^ • 

«+  6        3  a;  +  4' 
.-.  3(aj'-2aj-24)  =  db2(ic"-3aj-54); 
these  quadratics  can  now  be  solved  in  the  ordinary  waj. 

a:*  +  2aa;  +  ac  _^  cix 

•     *  a"  +  2caj  +  ao  ~  (a:  +  a)  (»  +  c)  * 

Let  (a:  +  a)  (a?  +  c)  =  ajy, 

05*  +  2aaj  +  ac     a 
X*  +  2ca;  +  ac     y ' 

2(a"  +  aa:  +  ca?  +  oc)  _  a  +  y 
2x{a  —  c)  a  —  y* 

(a;  +  a)  (a:  +  c)     a  +  y 

or  r-^ — r-^  = , 

a;  (a  -  c)         a  -  y 

y    ^<^  +  y. 

a— c     a—y* 

•'•  y*-yc  =  «c-o'; 
c     1 
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•   m     SC  ^  "~ 


a*  +  x{a  +  c)  +  ac  =  xa, 

05'  +  x(a  +  c  —  a)  =  —  ac; 

a  +  c-a      1    ,,,  .. 
2 •*=2^^('* '*■''""') 


—  4ac}, 


It,        2{x  +  a)  (a?  +  c)  +  (a  -  c)'  = 


(x  +  c)* 


c(2aj  +  a  +  c)* 


or 


(a5  +  a)*+(aj  +  c)'  = 


(a5  +  c)* 


c{(a5  +  a)  +  (a:  +  c)} 


Let 


05  +  a  =  y  (oj  +  c). 


From  (a) 


a;  +  c  +  a  -  c  =  y  (a;  + c); 


•08> 


.•.  (^)  becomes 


.*.  x  +  c  = 


y*  +  l  = 


a  — c      1 


8       1  > 


e     y'-l 


A     a—c     -     a 

.•.  y  = —  +1  =  -; 

c  c 


-  -©  • 


i. 


i 


.*.  «  = 


yc  —  a     a*c  —  ac*     ,    .  i  a'  —  c 


15. 
Let 

let 


(x-^-a-hhy-hix  +  c  +  dy  _m 
{x  +  a  +  cy  +  {x-i-b-i^dy'~n 


in 


C'^d 


a  +  c  =  Oj  +  )8,) 


.*.  a  =  ^(a  +  6  +  c  +  fi^, 
,•.  aj=  ^  (a  +  6  +  c  4-  c?)  =  a, 


T.  A. 


31 


1 
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Hence  bj  assuming  a?  +  a  =  y,  (1)  may  he  put  into  the  shape 


or 


or      y>-m)  +  10y'(n)8'-m/3,")  =  5(m)8/-wj8*) (2), 

which  is  a  common  quadratic  equation. 

m      /?■      (a  +  b-c-dy 


If 


i»f 


n      /3j"      {a-b  +  c-dy 
(2)  takes  the  form  y*  =  5j3"j3/; 

••.  y  =  (5)*  (^M 

or  a;  =  y-a  =  J[5*V{(a-^)*-(2>-<j)"}-(a  +  &  +  c  +  <?)]. 

16.  a:'+  a'  +  y*  +  6'  =  ^2  {«(«  +  y)-6(a-y)}. 

Adding  and  subtracting, 

«"  +  6»  =  72(aa;  +  6y) (a), 

y''^a'  =  J2{xy-ab); 
multiplying  together, 

(«•+&") (^  +  a")  =  2(a«+  6y)  (xy-ah), 
or         (aa5  +  &y)'+(a^-a6)'  =  2(aa;  +  6y)(a3|y-a6); 

,•.  aaj  +  6y  =  a5y  — aft; 

Substituting  in  (a), 

.*.  (neglecting  the  impossible  root),  x-b  =  a  J2; 

.*.  x  =  a  J{2)'\'b, 
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17.        (a^  +  y"  +  o')*+(«-y  +  c)'  =  2(.4ajy)* (1), 

1     1     1 

y  =  i^; ; (2). 

Since    («  -  y  +  c)' =  a:' +  y' +  c*  -  2icy  +  Sajc  -  2y<;, 
and  from  (2)  xc-'Xy-yc-(i (a); 

.•.  (1)  becomes  (oj-y  +  c)*  =  4a;y  =  4c (oj-y)  from  (a); 

.*.  (aJ-y-c)»  =  Oj 

.-.  •y  =  aj-c, 

5c« 


4       4' 


«'=|(i*V5); 


c 


18.  2(aj'  +  a;y  +  y«-a«)  +  ^3(a:»-y')  =  0 (1), 

2  (aj»-  a;«  +  «' -  6")  +  ^3  («»  +  2^  =  0 (2), 

y«-c»+3(y«»-c')  =  0 (3). 

Multiplying  (1)  bj  2  it  becomes 

3(a;  +  y/+(aj-y)»+2V3(aj'-y')  =  4a*; 

•*•  V3(aj  +  y)  +  a;-y  =  sfc2a. 

Similarly  from  (2)  ,J3(x-z)-hx  +  «  =  ±26. 

Subtracting,         ^3  (y  +  «)  -  (y  +  «)  =  a  2  (a  -  6) ; 

From  (3)  2y»  +  e^^*  =  8c", 

that  is  (y  +  «)'  +  (y-«)'  =  8c'; 

31—2 
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wli«re  m  =  { ^(3)  + 1 }  (a  -  6), 

.-.  y  =  i{±«»  +  (8c"-m»)*}, 
«  =  ^{±7»-(8c"-«»')*}, 
«{N/(3)+l}  =  *2a-yy(3)-l} 

« 

=  ^(aVj)-^^^§^(8c--«*')*i 

'a +  6       '2-J3 
.*.  «  =  * 


^I-T^'^---"-)'- 


19.  3a!  +  3y-«=3 (1)> 

a,.  +  y._«.  =  Ii^ (2), 

a'  +  y  +«"  =  3a3y«+ J — {^h 

From  (1)  3(iB  +  y  +  «)  =  4«  +  3 ^(o), 

.From  (2)  a;«  +  y«  +  «»  =  3«'+ 7~^ (^), 

17«  +  44  /  X. 

From  (3)       2(aj'  +  y"  +  »'- 3a:y«)  = g ^^^' 

then  multiplying  (a)  and  (/?)  together  and  subtracting  (y),  we  hare 

or  (a:  +  y  +  «)"  =  (2«-l)'; 
.'.  aj  +  y  =  «-l. 

From  (1)  «  +  ^=o +li 
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-•.  «-l  =  -  +  l;    .%  »=3; 


.'.  a?  +  y  =  2, 


V. 


2^  («<;  +  l)(a^  +  l)_K+lj(ayH) 

as+l  y+1  ^  '' 

(ac  +  l)(y'+l)     (c'  +  l)(a!y  +  l) 

y  +  1  x  +  1      ~ ^'''• 

From(l)  ^..^?L±1  („). 

From  (2)  l^  =  y±_J  fLtl; 

a^+1    «  +  !  «c  +  l 

.  (a;'  +  l)(y'  +  l)     («'+!)  (c'  +  l) 
(xff+1)'.  {ac  +  iy      ' 

Subtracting  denominatois  from  numerators^  we  liave 

(x-yY      (ii-<ey\      .    x-y  _^a-c  . 

{a^+iy    (ae  +  l)"     "  xy+l~     ac  +  1 ^'' 

•        r         ■  -ft 

.*.  usinir  the  first  value  and  calling =  m, 

o  ^  ae  +  l 


m  • 


weliavey(l  +  ma;)  =  aj-«i;    .*.  y  =  Y~ 

__      ^        ,.         tB"  +  l    ajy+1    «•  +  ! 
Now  from  (a)         —. — i-  =  — -,-  • r J 


fTM? 


• 
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af—mx 


• 


af  +  1     a'  +  l     l  +  mx^        a*  +  l  a^+1 


"  jc  +  1     ac  +  1*   x  —  m      ,     ac  + 1  *  1 +«ia;  +  a5  — «*' 

+  1 


1  +«MC 

.*.  (ac  +  l)(l+«ia;  +  JB-«»)  =  (a'  +  l)(aj  +  l); 

or  1  +ac  +  a?(a-c)  +  a(l  +ac)-(a-c)  =  (a*+l)  +  a5(a*  +  1); 

.*.  a;(a-c)-oaj(a-c)~a(a-c)+(a-c); 

.•.  aj(l-a)=r+a; 

1  +  a     0--C 
a;  — «»  1  —  a     1  +  ac 


1  +  wKB     .      (1  +  g)  (g  -  c)  ^ 
'^(l-g)(l  +  oc) 

Similarly,  if  we  use  the  negative  sign  in  (/?),  we  have  the  cor- 
responding values  of  x  and  t/, 

1  +  g'    1  +  c' 

21.     (23r-l)(aV4aJ4.3)*-(2a:-l)(y*  +  4y  +  3)4 

=  («-y)(»  +  y-2a;y  +  4) (1), 

V  \^2^/     V  \2S^/     ^TI ^^^ 

From(l)    (2y-l)(ic*4.4»  +  3)4-(2a?-l)(2^^  +  4y  +  3)* 

=  y'(2a;-l)-»''(2y-l)+2(2a!-l)-2(2y-l) 
=  (y*  +  2)  (2a!-  !)-(«'+  2)  (2y  - 1); , 
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,%  (2y-l){aj»+2  +  V(«*+4a;  +  3)}  =  (2aj-l){y+2  +  V(/+4y+3)}, 

a:»  +  2  +  ^(a;"  +  4a;+3)_y'-f  2+^(yV4y-t-3)  .  . 

''''  2^^=1  -  2^31 W- 

Now  aj*  +  4a;  +  3  =  (a?'+ 2a;+l)(aj'-2aj  +  3)  =  wt? 
if  M  =  05*  +  2a5  + 1  and  v  =  aj*  —  2a5  +  3 ; 

.*.  w  +  v  =  2(aj'  +  2)  and  t6-t?  =  2  (2a;-l). 

Hence  (a)  assumes  the  form 

where  m,  =  y"  +  2y  +  1,  and  v^  =  ^  —  2y  +  3 ; 

03*  +  2aj  +  1  _  y*+ 2y  + 1  ^ 
•''  ic''-2a;  +  3"y*-2y  +  3' 

adding  and  subtracting  numerator  and  denominator, 

a:'4-2  _y  +  2  . 
2ic-l"2y-l' 

.-.  2yaj'  +  4y-a3"-2  =2ajy"+4aj-y*-2; 

.-.  2yaj(aj-y)-(a'-2^-4(aj-y)  =  0; 

a;  +  4 
.•.  a;  =  y ;  or  2xy  =  a;  +  y  +  4,  so  that  y  =  ^   _,  . 

Substituting  the  value  y  =  a;  in  (2),  we  have 

A«.,-„5f«     *«  +  *      rt^n    «'+^      3(a;+l) 3_ 

2a!-l'°(2a!-l)'"  a  +  l     S*-!*- 
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HcDce  eqitttion  (2)  beeomcs 

••• i  =7o iHf  <»r  4a^-lfe=ll, 

4ai'-lte  +  16  =  27;  .-.  2«-4=*3^3;  .-.  «=i(4*3^3); 

_  a?-f^4      1 /4db^3 


^    2«-l~2 


/4^^\ 
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1.  Solye  ^(l+«')-^(l-aj^  =  ^(l-«*). 

2.  Solye  «*  (^  —  y)  =  ay  (y — w), 

y*(a  —  a:)  =  6aj  («  —  n). 

3.  If  «'  +  ajy-fy*  =  c', 

y  *  +  y«  +  «*  =  a', 
prove  that 

ay +  y«  +  «aj «     /|i  (2aV  +  26V  +  2cV-a*-6*-  c*)| ; 
and  shew  how  to  solve  the  equations. 

■    • 

4.  Solve  -^IL^Z^=2^2. 

^(aj"+2aj+ll)        ^ 

6.  Determine  c  so  that  5a;  +  2y  =  c  may  have  ten  positive  in- 
tegral solutions  excludiug  zero  values,  and  c  may  be  as  great  as 
^XNisible. 

6.     If  —7^ — ^—\  =  - /, x  and  x.  y,  zhe  unequaL  then  each 

aj(l-y«)    y(l-a») 

member  of  this  equation  will  be  equal  to  -^i —  \f  ^  flJ4-y+«, 

111 
and  to  -  +  -  +  -  ^ 
»    y    « 
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7.  Shew  that  if  n  and  If  are  rery  nearly  equal, 

and  that  the  error  is  approximately  g^^J^- 

8.  A  man's  income  consists  partly  of  a  salary  of  £200  a  year, 
and  partly  of  the  interest  at  3  per  cent,  on  capital,  to  which  he' 
each  year  adds  his  savings ;  his  annual  expenditure  is  less  by  £95 
than  five-fourths  of  his  income ;  shew  that  whatever  be  the  origi- 
nal capital  its  accumulated  value  will  approximate  to  X6000i  If 
the  original  capital  be  XIOOO,  shew  that  it  will  be  doubled  in 
about  thirty  years ;  having  given 

log  2  =  -301030,        log  397  =  2-598790. 

9.  If  n  be  a  positive  integer,  shew  that 

1     rn     1^      "^         (H-2)(n-3)       m« 

(n-3)(n~4)(7&-5)      m' 

13  (m+1)'"^ 

10.  If  a;  be  any  prime  number,  except  2,  the  integral  pd,rt  of 
(1  +  ,/2)*,  diminished  by  2,  is  divisible  by  4x. 

11.  If  any  number  of  integers  taken  at  random  be  multi* 
plied  together,  Bhew  that  the  chance  of  the  last  figure  of  their 
product  being  5  continually  diminishes  as  the  number  of  integers 
multiplied  together  increases. 

.12..  Two  purses  contain  sovereigns  and  shillings;  shew  that' 
if  either  the  total  numbers  of  coins  in  the  two  purses  are  equal, 
ofT  if  the  number  of  sovereigns  is  to  the  number  of  shillings  in 
the  same  ratio  in  both,  then  the  chance  of  drawing  out  a  sove- 
reign is  the  same  when  one  purse  is  taken  at  random  and  a  coin 
drawn  out  as  it  is  when  the  coins  are  all  put  in  one  purse  and  a  coin 
drawn  out.  If  neither  of  these  conditions  holds,  the  chance  is  in 
&vour  of  the  purse  taken  at  random  whenever  the  purse  with  the 
grecUer  number  of  coins  has  the  amaUer  proportion  of  so.yereigns. 


490  MISCELLANEOUS  PBOBLEMS. 


LV.     MISCELLANEOUS   PROBLEMS. 

748.  We  have  already  given  in  previous  Chapters  collections 
of  problems  which  lead  to  simple  or  quadratic .  equations ;  we  add 
here  a  few  examples  of  somewhat  greater  difficulty  with  their 
solutions. 

1.  Each  of  three  cubical  vessels  A,  £,  (7,  whose  capacities  are 
as  1  :  8  :  27  respectively,  is  partially  filled  with  water,  the 
quantities  of  water  in  them  being  as  1:2:3  respectively.  So 
much  water  is  now  poured  from  A  into  £  and  so  much  from  B 
into  C'  as  to  make  the  depth  of  water  the  same  in  each  vessel. 
After  this  128f  cubic  feet  of  water  is  poured  from  G  into  B,  and 
then  so  much  from  B  into  ^  as  to  leave  the  depth  of  water  in  A 
twice  as  great  as  the  depth  of  water  in  B.  The  quantity  of  water 
in  ^  is  now  less  by  100  cubic  feet  than  it  was  originally.  How 
much 'water  did  each  of  the  vessels  originally  contain? 

Let  X  =  number  of  cubic  feet  in  A  originally; 

.*.  2x= B 

3aj= G 

Now  when  the  depth  of  the  fluid  is  the  same  in  all,  it  is  clear 

that  the  qtMntitiesY&ry&s  the  areas  of  the  bases  of  the  vessels,  that 

is,  are  as  1  :  4  :  9. 

Qx         3x 
.'.  (since  6x  is  the  total  quantity)  the  quantity  in  -4=  - — j— f  =  "7"  > 

and  the  quantities  in  B  and  C  are  —if~f   ~w~  • 

Again,  when  the  depth  in  ^  is  twice  that  in  By  A  contains  half 
as  much  as  B. 

Now  A  contains  a- 100;    .*.  B  contains  2  (a? -100),  and  G 

contains  -= —  128t  > 
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.-.  3 (a;- 100)  + ^-128t  =  6a;; 

.-.  y  =  300+128f; 

.-.  »=  350  +  ^x1=500; 

7       6 

.'.  the  quantities  in  -4,  jB,  (7  at  first  were 

500,  1000,  1500  cubic  feet  respectively. 

2.  Three  horses  A,  B,  G  start  for  a  race  on  a  course  a  mile 
and  a  half  long.  When  B  has  gone  half  a  mile,  he  is  three  times 
as  far  ahead  of  A  as  he  is  of  (7.  The  horses  now  going  at 
uniform  speeds  till  B  is  within  a  quarter  of  a  mile  of  the  winning 
post,  (7  is  at  that  time  as  much  behind  ^  as  ul  is  behind  B,  but 

the  distance  between  A  and  B  is  only  jj    of  what  it  was  after  B 

ltd 
had  gone  the  first  half  mile.     C  now  increases  his  pace  by  ^    of 

what  it  was  before,  and  passes  jS  176  yards  from  the  wiuningpost, 
the  respective  speeds  of  A  and  B  remaining  unaltered.  What  was 
the  distance  between  A  and  G  at  the  end  of  the  race  1 

Let 
ltx  =  distance  (in  yards)  between  B  and  G  at  end  of  first  ^  mile, 
33aj= ^and-4 

When  B  has  gone  1^  miles 

B  is  3x  ahead  of  A^ 
and  6x  ahead  of  (7; 
.*.  while  B  went  |  mile  or  1320  yards, 

il  went 1320  + 30a;  yards, 

(7  went 1320  +  5aj  yards. 

Hence,  after  G  increases  his  pace,  the  speeds  of  A^  B,G  will  be 

54 
proportional  to  1320  +  30a?,  1320,  and  ^  (1320  +  5x)  respectively. 


1 
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Koir  nnee  C  passes  B  wben  be  is  176  yazds  from  tlie  post; 
.'.  whOe  B  was  going  440-176  =  264  yazds, 
(7  went  264  + 6a;; 

.-.  1320  :  ||(1320+5x)  ::  264  :  264  +  6*, 

1320  +  30«=  ^  (1320  +  bx). 

a;(1590-270)  =  1320; 
.*.  «  =  1; 

also  it  will  be  found  tbat  Cs  increased  pace  is  eqnal  to  ^'s; 
tberefore  tbere  will-  be  the  same  distance  between  them  at  the  end 
of  the  race  as  there  is  when  ^  is  ^  nule  £rom  winning  poet,  Ti& 
3«or  3  yards. 

3.  A  frandnlent  tradesman  contrives  to  employ  bis  faim 
balance  both  in  bujring  and  selling  a  certain  article,  tberebj 
gaining  at  the  rate  of  11  per  cent,  nrore  on  bis  outlay  than  he 
would  gain  were  the  balance  true,  1%  however,  the  scale-pans  in 
which  the  article  is  weighed  when  bought  and  sold  respectivelj, 
were  interchanged,  be  would  neither  gain  nor  lose  by  the  articles 
Determine  the  legitimate  gain  per  cent,  on  the  artide. 

Let  w  and  w^  be  the  apparent  weights  of  the  same  article 
when  bought  and  when  9olcL 

Let  p  8  prime  cost  of  a  unit  of  weighty 
a;sl^timate  gain  per  cent.; 

then  an  article  which  cost  pw  is  sold  for  v)Ap-\-  ^kr  )  > 

.\  by  the  question  tg,  ^y  +  ^^^wp=^        lOQ        (^)- 

Again  in  the  supposed  case  cost  of  article =|Mffj  and  selling 

'.=^0  +  1^) (2). 


pw. 


i 
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Prom(l),  ..(l.^^)  =  «,(l.?±n). 

from  (2),  t^^l  +  -^^=e/;^; 


A      X  y_       g  +  ll 

'*•  v^ioo;"^'*""To(r  ^ 

.-.  aj*  +  100aj  =  1100, 
(aj  +  50/  =  3600; 
.-.  a; +  50  =  ^60; 

.*.  ic  =  10  per  cent 

4.  A  person  bnjs  a  qnantitj  of  com,  which  he  intends  to 
sell  at  a  certain  price;  after  he  has  sold  half  hi^  stock  the  price 
of  corn  suddenly  Mis  20  per  cent.,  and  by  selling  the  remainder 
at  this  reduced  price,  his  gain  on  the  whole  is  diminished  30  per 
cent;  if  he  had  sold  |ths  of  his  stock  before  the  price  fell,  and 
the  diminution  in  the  price  had  been  in  the  proportion  of  £20 
on  the  prime  cost  of  what  he  before  sold  for  XI 00,  he  would 
have  gained  by  the  whole  as  many  shillings  as  he  had  bushels  of 
com  at  first.  Find  what  the  com  cost  him  per  bushel*  and  what 
he  hoped  to  gain  per  cent 

Let  x=cost  price  (in  pounds)  per  bushel, 
y  =  gain  per  cent,  he  expected; 

.  •.  a;  ( 1  +  rr^  ]  =  price  per  bushel  for  which  he  sold  half  his  com ; 

.-.  «^(l+T^)  =  P^i^® *^®  other  half; 

9a;  /         V  \ 
.'.  average  price  per  bushel  =  Tq  ( 1  +  Tqq  )  i 

.  •.  his  gain  per  bushel  =  jq-  ( 1  +  J^)  -  ^- 
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Now  had  lie  sold  the  whole  as  he  sold  the  first  hal^  the  gain 
per  bushel  would  have  been  jt-t-  ; 

9^/  /        t/  \  7    vx 

.-.by  the  question  ^(^l  +  j^j-«  =  j^  100' 

600  ~I0'  ..y~oi^. 

Now  the  prime  cost  of  what  he  at  first  sold  for  100  =  —5- ,  and 
if  he  were  to  lose  J&20  on  this,  the  loss  per  cent,  would  be 

20  X  100 


200 


=  30. 


Now  in   the  supposed  case  the  average  selling  price  of  a 
bushel  is 


T{''-m)^K^^m) 


_x/9     21  \ 
~  4  V2  ■*■  20/  ^ 

,     ,   ,     oj    111  31a; 

.*.  gain  on  a  bushel  =  t  x  '00''"*  =  "oTT  > 

and  this  by  the  question  equals  one  shilling; 

31a:_  1  _pj4^ 

•*•  "80""  20^    •*•*"'*' 31* 

5.  A  and  B  having  a  single  horse  travel  between  two  mile- 
stones, .distant  an  even  number  of  miles,  in  2JJ  hours,  riding 
alternately  mile  and  mile,  and  each  leaving  the  horse  tied  to  a 
mile-stone  until  the  other  comes  up.  The  horse's  rate  is  twice 
that  oi  B'y  B  rides  first,  and  they  come  together  to  the  seventh 
mile-stone.  Finding  it  necessary  to  increase  their  speed,  each 
man  after  this  walks  half  a  mile  per  hour  faster  than  before,  and 
the  .horse's  rate  is  now  twice  that  of  A^  and  B  again  rides  first. 
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!Find  the  rates  of  travelling,  and  the  distance  between  the  extreme 
mile-stones. 

Let  2x  =  distance  they  travelled  in  miles. 

Now  at  first  A  walks  4  and  rides  3  miles| 
while        JS  walks  3  and  rides  4  miles/ ' 

or  A  walks  4  while  B  walks  3  and  rides  1 ; 

that  is  (since horse's  rate  is  double  of  i^s),  while  i?  walks  3^  miles; 

.*.  A' a  and  B'a  rate  at  first  may  be  represented  by  8y  and  7y 
respectively. 

Again,  A  walks  oj—  3  and  rides  oj—  4, 

while  B  walks  oj  —  4  and  rides  a;  —  3; 

.".  A  walks  a;  —  3  while  B  walks  05  —  4  and  rides  1, 

that  is,  while  B  walks  a;  —  4  and  A  walks  ^ ; 

7 
,•.  A  walks  a?  —  Q  while  B  walks  a;  —  4, 

I  1 

but  A  walks  8y  +  5  while  £  walks  7y  +  5  j 

Now  the  total  time  A  took  is 

4        3        aj-3  a;-4 


-Q 


•*•  7y"*"l6y  +  l""'^ 
5      3aj-10     188 


7     4a:- 14      63      4a;-3t)' 
41aj-140     94  1 


4X-14    ""  9      2a;-15' 
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.-.  9(82a^-895a;+2100)  =  376aj-1316, 
738«"-8431aj  + 20216  =  0, 

from  whicli  x  =  S;  .*.  y  =  « ; 

.*.  distance  =  16  miles;  rates  of  trayelling  at  first  =  4  and  3^ 
miles  per  hour  respectiyely. 

6.  A  and  B  set  out  to  walk  together  in  the  same  direction 
round  a  fields  which  is  a  mile  in  circumference,  A  walking  faster 
than  B,  Twelve  minutes  after  A  has  passed  B  for  the  third  time, 
A  turns  and  walks  in  the  opposite  direction  until  six  minutes 
afler  he  has  met  him  for  the  third  time,  when  he  returns  to  his 
original  direction  and  overtakes  B  four  times  more.  The  whole 
time  since  thej  started  is  three  hours,  and  A  has  walked,  eight 
miles  more  than  B,  A  and  B  diminish  their  rate  of  walking  by 
one  mile  an  hour,  at  the  end  of  one  and  two  hours  respectively. 
Determine  the  velocities  with  which  they  began  to  walk. 

Let  as  =  number  of  miles  per  hour  of  A  at  the  fircst^ 
y= ofB 

In  3  hours  A  has  gone  a?  +  2  (a:  —  1)  =  3aj  —  2  miles, 

B 2y+(y-l)  =  32/-l  ; 

,-.  by  the  question  3a3-2-(3y-  1)  =  8;  .•.  a?-y  =  3, 

that  is,  the  relative  speed  of  A  and  B  in  S  miles  per  hour;  therefore 
A  will  gain  a  circumference  on  i5  in  ^  of  an  hour,  and  will  therefore 
be  passing  B  for  the  third  time  at  the  end  of  the  first  hour. 

Also  since  the  relative  speed  of  A  and  B  is  the  same  in  the 

last  hour  as  in  the  first,  and  since  A  passes  B  for  the  fourth  time 

at  the  end  of  the  third  hour,  therefore  he  will  pass  him  all  the 

fowr  times  within  the  last  hour;  the  first  time  being  exactly  at 

the  commencement  of  the  third  hour. 

Now  in  12  minutes  after  the  first  hour  the  distance  between 

1  2 

A  and  B  is   r(aj-y-l)  =  e    miles;   .'.  time   of  first  meeting 


1 
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2 

=  ^  -T-  (sB+y  —  1);  and  time  of  meeting  twice  more  =  2  ^-(a;  +y  —  1). 

In  6  minutes  the  distance  between  themssyr.  (os  +  y— 1);  .•,  if  ^i 
now  turns,  the  time  of  overtaking  B 

2 

1  5  2  11.  ,v     , 

0     x  +  y-l     aj  +  y-1      10     20^      ^      '      ' 

12     20      7 
thatis,  _+-.=  -^,  iftt=a:  +  y-l; 


.•.  tt*-14w  =  -48;      ••.  tt-7=«fcl;      .%  «  =  8or6; 
.*.  aj  +  y  =  9  or  7;  and  aj  — y  =  3; 
.'.  «=  6  or  5,  y  =  3  or  2. 

749.  The  equations  in  the  preceding  Chapter  and  their  solu- 
tions, and  the  solutions  in  the  present  Chapter,  are  due  to  the 
Rev.  A.  Bower,  late  Fellow  of  St  John's  Collie.  Should  any 
student  desire  more  exercises  of  this  kind,  he  is  referred  to  the 
collection  of  algebraical  equations  and  problems  edited  bj  Mr 
W.  Botherham  of  St  John's  College. 

KISCELLAKEOUS  EXAMPLES. 

1.  Exhibit  {n  J{a*  +  5*)  -  a  ^(m*  +  w')}*+  6*m*  as  a  square. 

2.  Extract  thQ  square  root  of  6  +  ^6  +  ^14  +  ^21. 

3.  Find  the  scale  of  notation  in  which  the  number  16640  of 
the  common  scale  appears  as  40400. 

4.  Shew  that  j+^  "^'Tfi'*"  ^'** ad  in/.=:2, 

5.  At  a  contested  election  the  number  of  candidates  was  one 
more  than  twice  the  number  of  persons  to  be  elected,  and  each 
elector  by  voting  for  one,  or  two,  or  three,  ...  or  as  many  persons 
as  were  to  be  elected,  could  dispose  of  his  vote  in  15  ways; 
required  the  number  of  candidates. 

T.A.  32  . 
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6.  In  how  many  ways  may  the  som  oi  £2L  ,l§s.  be  paid  in 
BhillingB  and  francs,  supposing  26  francs  to  be  equal  to  21  shillings  1 

7.  .  Find  the  sum  of  n  terms  of  the  series 

1  z  z\      .     ■ 


1+«(1+«)(1+«')(1+«)(1 +«•)(!+«*) 

"^(l+«)(l+«')(l+*^)"(l+0 


8.  Shew  that  1  +  2x*  is  never  less  than  a?"  +  205^. 

9.  If  an  equal  number  of  arithmetic  and  geometric,  means 
be  inserted  between  any  two  quantities,  shew  that  the  arithmetic 
mean  is  always  greater  than  the  corresponding  geometric  mean. 

10.  If  a;  be  any  prime  number,  except  2,  the  integral  part  of 
(2  +  ^3)'  -  2-^^  + 1  is  divisible  by  1 2a.  * 

11.  Shew  that  if  n  =:pq,  where  p  and  q  are  positive  integers, 


{[pY[I 


is  an  integer. 


12.  Shew  that  =  +  ^  +  o + logTi.  is  finite  when  n 

i      Ji      o  n 

is  infinite. 

13.  If  p  be  the  probability  ^  priori  that,  a  theory  is  true,  q 
the  probability  that  an  ezperiment  would  turn  out  as  indicated 
by  the  theory  even  if  the  theory  were  false,  shew  that  after  the 
experiment  has  been  performed,  supposing  it  to  have  turned  oat 
as  expected,  the  probability  of  the  truth  of  the  theory  bebomes 

P 
p  +  q-pq' 

14.  Of  two  bags  one  (it  is  not  known  which)  is  known  to 
contain  two  sovereigns  and  a  shilling,  and  the  other  to  contain 
one  sovereign  and  a  shilling  j  a  person  draws  a  coin  from  one  of 
the  bags,  and  it  is  a  sovereign,  which  is  not  replaced.  Shew  that 
the  chance  of  now  drawing  a  sovereign  from  the  same  bag  is  half 
the  chance  of  doing  so  from  the  other.  Supposing  the  drawer 
might  keep  the  coin  he  draws^  what  is  the  value  of  the  escpecta- 
tion) 
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15.  All  that  is  known  of  two  bags,  one  white  and  one  red, 
is  that  one  of  them,  but  it  is  not  known  which,  contains  one  sove- 
reign and  four  shilling  pieces,  and  that  the  other  contains  two 
sovereigns  and  three  shilling  pieces ;  but  a  coin  being  drawn  from 
each  the  event  is  a  sovereign  out  of  the  white  bag  and  a  shilling 
from  the  other.  These  coins  are  now  put  back,  one  into  one  bag, 
and  the  other  into  the  other,  but  it  is  not  known  into  which  bag 
the  sovereign  was  put.  Shew  that  the  probability  of  now  draw- 
ing a  sovereign  is  in  favour  of  the  red  bag  as  compared  with  the 
white  in  the  ratio  of  13  to  9. 

16.  If  w  be  the  number  of  years  which  any  individual  wants 
of  86,  find  the  value  of  an  annuity  of  £1  to  be  paid  during  his 
life;  adopting  De  Moivre's  supposition  that  out  of  86  persons 
bom,  one  dies  every  year,  until  they  are  all  extinct, 

LVL    MISCELLANEOUS  THEOREMS. 

750.  The  present  Chapter  consists  of  some  miscellaneous 
theorems  on  tbe  following  subjects;  abbreviation  of  algebraical 
multiplication  and  division,  vanishing  fractions,  permutations  and 
combinations,  convergency  and  divergency  of  series,  continued 
fractions,  and  probability. 

751.  In  multiplying  together  two  algebraical  expressions  it  is 
sometimes  convenient  to  abridge  the  written  work  by  expressing 
only  the  coefficients.  For  example,  suppase  it  required  to  multiply 
2x*  +  a?"  —  305  +  1  by  ic*  +  3a;  —  2 ;  we  may  proceed  thus : 

2+0+1-3+1 

1  +  3--2 

2+0+1-3+1 
6+0+3-9+3 
,4^0_2+6-2 

2  +  6-3  +  0-10+9-2 
Thus  the  required  result  is 

2iB«  +  6ic*  -  3a;*  - 1  Oaj*  +  9a;  -  2. 

A  similar  abridgement  of  the  written  work  may  be  made  in 
division. 

This  mode  of  operation  has  been  sometimes  called  the  method 
o/ detached  coefficients. 

32—2 
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MUCEIXAXXOfm 


;i>nw:4 


752*  Syniheiie  DimtUm,  Tbeopeniiioiiof  dIvisioIL]llaJ]»0v. 
erer  be  ftiU  more  aliridged  bj  a  metiiod  widch  is  doe  to  the  late 
Mr  Horner^  and  which  is  called  syntkeUe  dUndinu 

Suppose  it  required  to  diTide 

> 
by  'ii^  +  a,a^  +  a^-*+a^a^  +  a^a^+ ...  ; 

let  the  quotient  be  denoted  by 

then  it  is  onr  object  to  shew  how  A^,  A^  ^^—  nwy  be  deter- 
niined* 

If  we  multiply  the  quotient  by  the  divisor  we  obtain  the  divi- 
dend; this  operation  may  be  indicated  as  follows,  eiqpressing  only 
the  coefficientsi 

-4+ -4j+ ' -4,+    -43+    -4^+... 


1  +   a,  +     a^  + 


<tj  +     d^  +  . . . 


il+  -4,+    -4j+    -43+   -4^+... 

aj-4  +  a^-4j  +  ei^ii,  +  aj-43+  ... 

ajii  +  a,-4j+ei,-4j+... 

a^A'ha^A^+  ... 

a^-4  +  . . . 


ul+    £+     C+     2>+     ifi^+... 


here  the  last  line  is  supposed  to  be  obtained  in  the  usual  way  by 

adding  the  yertioal  columns  between  the  horizontal  lines.     Now 

Af  Bf  (7,  ...  are  known,  and  we  have  to  find  -4,,  A^  ^8»--;  ^r 

this  purpose  we  reverse  the  above  operation  and  p^onn  the 

following : 

A-h    £+     (7+     2>+     £  + 


—  a^A  —  Ojiij  —  ^i^^ — ^i^z  ~ 

—  a^-4  — 


.4+  .4,+    -4,+-    J3+    i[^  + 


I 

i 
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Here  eacli  yertical  column  expresses  the  same  result  as  the  cor- 
responding yertical  column  of  the  former  operation,  but  expresses 
it  in  a  form  more  convenient  for  our  object.  For  example,  the 
fourth  vei"tical  column  of  the  former  operation  gave 

A^  +  a^A^  +  a^A^  +  a^A  =  D ; 
and  the  fourth  vertical  column  in  the  present  operation  gives 

J)^a^A^-a^A^-a^A=A^. 

The  method  then  may  be  desciibed  as  follows : 

(1)  If  the  first  term  of  the  divisor  have  a  numerical  coeffi- 
cient, divide  every  coefficient  of  the  dividend  and  divisor  by  this 
coefficient;  the  resulting  coefficients  are  those  intended  in  the 
following  rules. 

(2)  Write  the  coefficients  of  the  dividend  in  a  horizontal  line, 
with  their  proper  signs,  putting  0  when  any  term  is  wanting. 
This  gives  the  horizontal  ro^  A  +  B-k-G-^ D  +  H -h  ,., 

(3)  Draw  a  vertical  line  to  the  left  of  this  series  of  coefficients, 
and  write  in  a  vertical  column  the  coefficients  of  the  divisor  with 

I  their  signs  changed,  putting  0  when  any  term  is  wanting.     This 
^  gives  the  vertical  column  —  a^,  —  a,,  —  dj,...  no  notice  being  taken 
of  uniti/,  which  is  the  coefficient  of  the  first  term  of  the  divisor. 

(4)  Multiply  each  term  of  this  vertical  column  by  the  first 
coefficient  of  the  quotient,  and  arrange  the  results  in  the  first 
obliqtM  column.  This  gives  the  oblique  column  —  a^A—a^A—a^A—,,. 
the  first  term  of  which  is  to  be  placed  under  B, 

(5)  Add  the  terms  in  the  second  vertical  column  to  the  right 
of  the  vertical  line;  this  gives  the  coefficient  of  the  second  term 
of  the  quotient.     That  is,  J5  —  a^A  =  -4^ . 

(6)  With  the  coefficient  thus  obtained  form  the  next  oblique 

column.     This  gives  —  a^A^  —  a^-4,  —  a^A^— the  first  term  of 

which  is  placed  under  G. 

(7)  Add  the  terms  in  the  third  vertical  column :  this  gives 
the  coefficient  of  the  third  term  of  the  quotient.     That  is, 

G-a^A^-a^A^^A^, 

(8)  Continue  these  operations  until  the  work  terminates,  or 
as  many  terms  are  found  as  are  required 
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753.     For  example,  divide  ix^-^Saf- 3aj+  1  by  ac*— 2a5  +  3; 


2 
-3 


i  +  0+3-3+1 

8  +  16  +  14-26-92: 
-12-2^-21  +  39  +  138 


4+8+   7-13-^46-63 


Thus  the  quotient  is 

4a;'  +  &B  +  7-13aj"*-46a;-«-53a;-* 

Or  if  we  wish  to  stop  at  46a;"",  we  have 

aj-^2a;+3  a*-2x  +  3 

If  we  wish  to  stop  at  -13a;~*,   the  oblique  column  —92  +  138 
must  be  suppressed,  and  the  result  is 

4ar+0aj+r     l6x        ^_2a:+3- 

If  we  wish  to  stop  at  7,  the  oblique  column  —26  +  39  must  also  be 
suppressed,  and  the  result  is 

13a; +  20 


4a;"+8a;  +  7- 


a;'-2a;  +  3* 


754.  We  may  observe  that  the  principle  exemplified  in  Art 
332  is  often  of  use  in  effecting  algebraical  reductions.  For 
example,  suppose  it  required  to  prove  the  following  identity : 

(a  +  6  +  c)*-(6  +  c)*-(c  +  a)*-(a  +  6)*  +  a*  +  6Vc* 

/  =  12a5c  (a  +  J  +  c). 

We  see  that  if  a  =  0,^  the  expression  which  forms  the  left-hand 
member  of  the  proposed  identity  vanishes;  we  therefore  infer 
that  this  expression  is  divisible  by  a.  In  the  same  manner  we 
infer  that  the  expression  is  divisible  by  h  and  by  c.  Thus  abc  is 
a  factor  of  the  expression.  And  since  the  expression  is  of  the 
fourth  degree,  there  must  be  another  factor  which  is  of  the  Jhnsi 
degree;  and  since  the  expression  i^  symmetrical  with  respect  to 
a,  6,  and  c,  this  &ctor  must  be  a  +  6  +  c. 


A 
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-  He&c^  tlie  ei^pression  must  be  equal  to  kahc{a  +  b  +  c),  where 
Is  denotes  some  numerical  coefELcient  which  retains  the  same  value 
for  all  values  of  a,  h,  and  c.  To  determine  k  we  may  ascribe  to 
a,  6,  and  c  any  values  we  find  convenient;  for  example,  we  may 
suppose  h  =  a  and  c  =  a,  and  we  find  that  k  =  12. 

Thus  the  proposed  identity  is  proved, 

755.     Vanishing  Fractiona.    A  fraction  in  which  the  nume- 
rator and  denominator  are  both  zero  on  some  supposition  as  to 
the  value  of  the  quantities  involved,  is  then  called  a  vanishing 
Jractian.     For  example^  the  numerator  and  denominator  of  the 
fii-action 

05*  —  a* 

vanish  when  x  —  a'y  the  fraction  then  takes  the  form  ^,  and  we 

cannot  strictly  say  that  it  has  any  definite  value.  But  we.  can 
fijid  the  value  of  the  fraction  when  x  has  any  value  different 
from  a;  and  we  can  shew  that  the  more  nearly  x  approaches  to  a 
the  more  nearly  does  the  value  of  the  fraction  approach  to  a 
certain  definite  value.  For  put  a;  =  a-f  A;  then  by  the  Binomial 
Theorem  the  fraction  becomes 

11-11-*-  1 

a*  +  ^a  ^h  —  ^a   *A'+...-a* 

4  o^  ' 


that  is. 


1    -*     1    -i 


Now  as  h  diminishes  the  numerator  and  denominator  of  the  last 

1    — ^  1    -- 

fraction  approach  to  the  values  «  ^    *  ^^^  I  *    *  respectively;  and 

by  taking  h  small  enough,  the  numerator  and  denominator  may  be 


1 


504  XISOELLANEOnS  THEOBEIfS. 

made  to  differ  from  these  Tslues  by  as  small  a  quantity  as  tre 
pleaaa    Thns  the  fraction  can  be  made  to  a{^Riach  as  near  as  'we       I 
please  to  ' 

1    -I 

4,  i.  4    L 

that  is,  to  -^  a^\    This  result  is  expressed  by  saying  that  ^  a"  is 

the  limit  to  which  the  fraction  approaches  as  x  approaches  to  a. 

We  may  also  arrive  at  this  result  without  using  the  Binomial 
Theorem,  For  suppose  «  =  y"  and  a  =  6";  then  the  proposed 
fraction  becomes 

SO  long  as  y  is  not  absolutely  equal  to  ^  we  may  divide  both 
numerator  and  denominator  by  y  —  b,  and  so  put  the  fraction  in 
the  form 

45 
As  j/  approaches  to  b  this  fraction  approaches  to  -^>  and  the 

45 
fraction  may  be  made  to  differ  as  little  as  we  please  from  -^  by 

making  y  —  b  small  enough.     Thus  the  limit  of  the  fraction  as  y 

46 
approaches  to  6  is  -^  j  that  is,  the  limit  of  the  fraction  as  x  ap- 

o 

4  -*- 
preaches  to  a  is  »  »*'• 

o 

Questions  respecting  vanishing  /ractions  and  limits  belong 
properly  to  the  Differential  Calctdus,  to  which  the  student  is 
therefore  referred  for  more  information. 

756.  We  will  now  give  two  Articles,  which  form  a  supple- 
ment to  the  Chapter  on  Permutations  and  Combinations.  They 
are  due  to  H.  M.  Jeffery,  Esq.  of  Cheltenham. 
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757.     To  find  the  number  of  combinaUona  of  n  i^in^s  uJcen 

1,  2,  3, n  a#  a  timey  when  tJure  aire  p  of  one  eoriy  q  ofannoihffr^ 

r  of  another,  and  so  on. 

Let  there  be  n  letters,  and  suppose  p  of  them  to  be  a,  g  of 
them  to  be  6y  r  of  them  to  be  c,  and  so  on.     The  product 

(l+aaj+aV+ +aV)(l +6aj  +  6V+ , +6«a^ 

(1  +  ca:  +  cV  + +  cV) 

contains  the  combinations  of  the  n  letters  taken  1,  2,  3, n2X 

a  time,  namely  in  the  coefELcients  of  x,  x^,  x\ of*  respectively. 

The  ntimber  of  the  combinations  in  each  case  is  found  by  equating 

a,  bf  Cy to  unity.     Thus  the  number  of  combinations  of  the 

n  letters  taken  i&  at  a  time,  is  the  coefficient  of  o:^  in  the  ex- 
pansion of 

(1  +a;  +  a'+  ...  +aj')(l+»  +  a5'+  ...  +  a')  (1  +  a?  +  as' +  ...  +a;*') 

The  number  of  combinations  when  the  letters  are  taken  i&  at  a 
time,  is  the  same  as  the  number  when  they  are  taken  n  —  k  bX  a 
time;  this  may  be  shewn  as  in  Art.  496. 

The  total  number  of  possible  combinations  is  foimd  by  equating 
X  to  unity  in  the  above  expression,  and  subtracting  one  from  the 
result,  since  the  first  term  in  the  expansion  of  the  expression  does 
not  contain  x,  and  therefore  does  not  denote  the  number  of  any 
combination.     Thus  the  total  number  is 

(p+l){q+l)(r+l) -1.  - 

The  expression  to  be  expanded  may  be  written  thus, 

l-g^^'    1-x''*'    l-a;^^^ 
l—x    '    1— ac   *    1—05    * 

that  is,  (1  -af^^)(l  -a5'^»)(l  -a5'-^») (1  -a:)'•^ 

where  fi  is  the  number  of  different  sorts  of  letters. 

For  example,  take  the  letters  in  the  word  notation.  It  will  be 
found  that  the  numbers  of  the  combinations  when  the  letters  are 

taken  1,  2, 8  at  a  time,  are  respectively  5,  13,  22,  26,  22, 

13,  5,  1. 
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7^8.     To  find  the  ntmJber  of  p^rmwtcUiariB  of  n  things  taken 

ly  %  3,  n  at  a  time,  when  there  are  p  of  one  sort,  q  of 

another,  r  of  another,  cmd  so  on. 

Let  there  be  n  letters,  and  suppose  p  of  them  to  be  a,  q  of 
them  to  be  &9  r  of  them  to  be  c,  and  so  on. 

Form  the  product  of  the  following  series; 

^^^^"-172  ^-^JT" "IF' 


Jfier  the  product  has  been  formed  and  arranged  according  to 
powers  of  Fx,  change  P  into  1,  change  P*  into  [2,  change  i* 
into  [3,  and  so  on;  then  the  coefficient  of  a^  in  the  result  will 
consist  of  the  permutations  of  the  n  letters  taken  A;  at  a  time. 
The  truth  of  this  conclusion  may  be  seen  by  examining  the  mode 
of  formation  of  each  coefficient  in  particular  cases;  for  example, 

suppose  w  =  4,  and  p,  q,  eaoh  =  l;  or  suppose  n  —  ^,  i>=2, 

q  =  l,  r  =  1.     The  number  of  the  permutations  will  be  found  by 

making  a,  b,  e,  each   equal   to  unity;  this  may  be  done 

before  the  product  of  the  above  series  is  formed. 

For  example,  take  the  letters  in  the  word  notation.  It  will  be 
found  that  the  numbers  of  the  permutations  when  the  letters  are 

taken  I,  2, 8  at  a  time,  ore  respectively,  6,  23,  96,  354,  1110, 

2790,  5040,  5040. 

759.     Gonvergency  and  Divergency  of  Series. 

We  shall  give  some  additional  theorems  on  this  subject^  in        ( 
order  to  supply  a  test  which  may  be  applied  when  the  ordinary 
tests  fail  to  determine  whether  a  proposed  series  is  convergent  or 
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divergent.  (See  Art  561.)  We  shall  adopt  the  following  nota- 
tion for  abbreviation;  let  log  a;  be  denoted  by  X{x)y  let  log  (log a;) 
be  denoted  by  X.'(sb),  let  log  {log  (log  a;)}  be  denoted  by  A,' (a;),  and 
so  on. 

760.     The  series  o/tohich  the  general  term  is 

nX.  (n)  X'  («) y  (n)  {-X'^ '  {n)Y ^^^ 

is  convergent  i/p  he  greater  than  unity,  amd  divergent  if^he  equal 
to  unity  or  less  than  unity » 

We  suppose  n  so  lai^e  that  ^'^^(n)  is  possible  and  positive. 

The  truth  of  this  theorem  when  r  =  0  has  been  shewn  in  Art. 
563;  we  shall  prove  it  generally  by  Induction. 

By  Art.  563  the  series  of  which  (1)  is  the  general  term  is 
convergent  or  divergent  simultaneously  with  the  series  of  which 
the  general  term  is 

m"X  (»»•)  X«(m") X'(m")  {X'+'  (m")}' ^^^' 

where  m  is  any  positive  integer. 

I.  Suppose  p  greater  than  unity.  Let  m  be  any  positive  in- 
teger greater  than  the  base  of  the  Napierian  logarithms;  then 
X  (m")  is  greater  than  ti.     Hence  it  follows  that  the  general  term 

(2)  is  less  than 

1 

n\{n)k\n) X'-*  (w) {X' (n)}' ^^^' 

thus  if  the  series  of  which  the  general  term  is  (3)  \a  convergent^ 
so  also  is  that  of  which  the  general  term  is  {2)y  and  so  also  is 
that  of  which  the  general  term  is  (1).  Therefore  if  the  series  of 
which  (3)  is  the  general  term  is  convergent  when  r  has  any 
specific  value,  it  is  convergent  when  r  is  changed  into  r  + 1.  But 
since  p  is  greater  than  unity,  by  Art.  563  the  series  of  which  (3) 
is  t^e  general  term  is  convergent  when  r=  1,  and  therefore  when 
r»2y  and  therefore  when  r  =  3,  and  so  on.  Thus  the  series  of 
which  (1)  is  the  general  term  is  convergent. 
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II.  Suppose  p  equal  to  unity.  Let  m  =  2  whicli  is  a  positive 
integer  leas  than  tlie  base  of  the  Napierian  logarithms;  tli'^n 
X(m*)  is  less  than  n.  Hence  it  follows  that  the  geneiul  term  (2) 
is  greater  than 

1 

nk{n)k\n) K^\n)X{ny 

Hence  by  proceeding  as  in  I.  we  can  shew  that  the  series   of 
which  (1)  is  the  geneiul  term  is  divergent. 

IIL  Suppose  p  less  than  unity.  Then  the  general  term  (1) 
is  greater  than  it  would  be  if  p  were  equal  to  unity,  at  least  when 
n  is  large  enough,  and  therefore  h  fortiori  the  series  is  divergent. 

A  simple  demonstration  of  this  theorem  by  means  of  the 
Integral  Calculus  is  given  in  De  Morgan's  Differential  and  Inte- 
gral CalculvSy  p.  325. 

761.  Let  u^  denote  the  general  term  of  any  proposed  series. 
If  from  and  after  any  value  of  n  the  value  of 

u^  nX  (»)  X"(») X'(n)  {X'^'  (w)}' 

is  always  finite,  p  being  any  fized  quantity  greater  than  unity, 
the  proposed  series  is  convergent.  For  in  this  case  the  series  has 
a  finite  ratio  to  a  series  which  has  been  proved  to  be  convergent. 
If  the  proposed  series  has  its  terms  all  of  the  same  sign,  and  from 
and  after  any  value  of  n  the  value  of 

u^n\{n)\'{n) X*'(ti)X'-+*(w) 

is  always  finite  or  infinite,  the  proposed  series  is  divergent.  For 
in  this  case  the  terms  of  the  proposed  series  have  at  least  a  finite 
ratio  to  the  teims  of  a  series  which  has  been  proved  to  be 
divergent. 

762.  The  following  theorem  relating  to  continued  fractions 
was  communicated  to  the  present  writer  by  Mr  Bickard  of  Bir- 
mingham. The  theorem  will  furnish  high  oonvergents  to  the 
square  root  of  a  number,  with  little  labour. 
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Let  i\r  be  a  positive  integer  which  is  not  an  exact  square, 
and  let  the  convergents  to  J^  be  supposed  formed  in  the  usual 
way;  let  o  be  the  number  of  tecurring  quotients  in  one  com- 

plete  cycle,  or  any  multiple  of  that  number:  let  ^  be  the  c^ 
convergent,  and  —  the  (2c)***  convergent;  then  will 

P 


$«c        ^   \2'c  Pc  / 


Let  a  be  the  greatest  integer  in  JN^  and  let  the  quotients 
obtained  by  converting  JN  into  a  continued  fraction  in  ^e  usual 
way,  be  denoted  by 

Then  from  Chapter  xlv.  we  have 

K^h^^f      ^»=*«+».       ^4  =  ^e+4 (1); 

also  6j  =  a,    h,^^=2a (2). 

Let  — —  and  -^  be  the  convergents  immediately  preceding 
and  following  — ;  then 

Now  iJN  differs  from  ^^^  in  this  respect;  instead  of  using 

the  quotient  5^^^  we  must  use  the  corresponding  complete  quotient^ 
which  is  a-^-  JNy  by  Art.  621. 


Therefore        yiT^j^^^^^-^^-; 


multiply  up,  and  equate  the  rational  and  the  irrational  parts; 
thus 

«i>o+^c.i  =  -^g'c,       oq,-vq^T,-=p, (3). 

Again,  ^-^  differs  from  ^-^^  in  this  respect;  instead  of  using 
the  quotient  h^^^  we  must  use  the  continued  fraction 
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J..,+ 


1 


ftnd  this  continued  fraction  by  (1)  and  (2)  is  equal  to 

P 
that  is,  it  is  equal  to  a  +  —  • 


Therefore 


'"  H) 


Nq.+  ^ 


>  by  (3) 


2p. 


Suppose  for  example  that  iTrza'^- 1;  then  the  quotients  are 
a,  2a,  2a,  2a^  ...;  that  is^  the  cycle  of  recurring  quotients  re- 
duces to  the  single  quotient  2a.  In  this  case  then  c  may  be  any 
whole  number  whatever. 

If  iV=a*— 1,  the  quotients  are 

a-1,  1,  2(a-l),  1,  2(a-l),  ...; 

thus  the  cycle  of  recurring  quotients  consists  of  the  two  quo- 
tients 1  and  2  {a—  1).  Thus  in  the  above  theorem  c  may  be  any 
even  whole  number.  In  this  case  however  the  theorem  will  also 
be  true  if  c  be  any  odd  whole  number,  as  we  will  now  shew. 

Suppose  c  any  odd  whole  number.  Since  the  (c  + 1)**'  quotient 
is  unity  we  have 

And,  in  the  same  manner  as  equations  (3)  were  proved, 
we  have 
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Kow  —  differs  from  ^^^  in  this  respect;   instead  of  using 

the  quotient  unity  we  must  use  the  continued  fraction 

11 


1  + 


:i(a-i)+ 1' 


and  this  continued  fraction  is  equal  to  •««-— ^m—  ,  that  is,  to 

f^-(«-i) 

^^  by  the  second  of  equations  (5). 

Thus   ^  =  — 2s =  — U ,  by  (4). 

From  equations  (5)  since  ^=a'  —  1,  it  may  be  deduced  that 
_(a-l);?,  +  iV^(y,  (a-l)g,+jp, 

7) 

Substitute  these  values  in  the  last  expression  for   --   and 
we  obtain 


«fl 


2po 


763.     The  following  theorem  in  continued  fractions  may  be 
noticed. 

Let  -, ; — -7/  be  the  development  of  a  proper 

P 
fraction  -^ ;  and  let  the  corresponding  series  of  convergents  be 

\         c  p     p      p'^     P 

h'  ^6+1' "i'  7'  Y'  ^* 

n 

then  the  development  of  —-  will  be 


1    1 


m"+  w'+  w+ c+  h' 

that  is,  the  same  quotients  will  occur  but  in  an  inverted  order. 
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<r  1 

For  ©  =  wY'  +  g',  therefore  ^=  ■>; 

m  +~ 
«'' = mV  +  g,    therefore  -^  =  .■■  ; 

and  so  on. 

^          q"         I        I        I                        11 
xLence  7r-=5 — ;? 7 5  • 

764.     The  preceding  theorem  will  furnish  an  addition  to  the 
results  obtained  in  Chapter  xlv. 

Let  —  and  ^  be  two  sncoessiye  convergents  to  ^N",  such 

that  ^  is  the  last  convergent  formed  before  the  quotients  recur ; 

therefore  by  Chapter  xlv.  Arts.  614  and  621, 

p'=zaq'+q 

now  the  development  of  ^— r^>  that  is  of^  — «>  will  be 


^+  ^.+  ^+  C+  Vi+*/ 

and  the  last  convergent  will  be  - — —  ,     But  we  have  just  seen 
that  q^p'  —  aq\     Hence  by  Art.  763 


^«  =  ^»     Vi  =  ^i     K-M  =  K 


765.  We  will  now  give  some  further  remarks  on  the  subject 
of  Probability. 

It  is  observed  by  Dr  Wood  in  his  Algebra,  that  there  is  no 
subject  in  which  the  learner  is  so  liable  to  mistake  as  in  the  calcu- 
lation of  probabilities.  Dr  Wood  proceeds  thus :  "  A  single  in- 
stance will  shew  the  danger  of  forming  a  hasty  judgment,  even 
in  the  most  simple  case.      The  probability  of  throwing  an  ace 

with  one  die  is   ^,    and  since  there  is  an  equal  probability  of 


J 
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throwing  an  ace  in  the  second  trial,  it  might  be  supposed  that  the 

.2 

probability  of  throwing  an  ace  in  two  trials  is  ^ ,     This  is  not 

a  just  conclusion;  for  it  would  follow  by  the  same  mode  of 
reasoning,  that  in  six  trials  a  person  could  not  fail  to  throw  an 
ace.  The  error,  which  is  not  easily  seen,  arises  from  a  tacit  sup- 
position that  there  must  necessarily  be  a  second  trial,  which  is  not 
the  case  if  an  ace  be  thrown  in  the  first/' 

The  above  extract  is  introduced  for  the  sake  of  the  import- 
ant remarks  which  it  contains,  and  also  for  the  purpose  of  draw- 
ing attention  to  the  last  sentence,  which  students  have  often  found 
difficult.  It  should  be  observed,  to  prevent  any  ambiguity,  that 
the  problem  under  discussion  is  the  following :  Required  the  pro- 
bability of  throwing  one  ace  at  least  in  two  trials  with  a  single 
die.  Dr  Wood's  last  sentence  indicates  the  following  as  his 
method  of  solution.     The  chance  of  an  ace  in  the  first  trial  is 

7^ :  if  an  ace  is  obtained  in  this  trial  there  will  be  no  need  of  a 

second  trial.     But  suppose  we  fail  to  throw  ace  the  first  time; 

5 

the  chance  of  this  failure  is  7; ,  and  then  the  chance  of  success  in 

o 


1 
6 


the  next  trial  is  7;  •     Thus  the  chance  of  obtaining  one  ace  at  least 


in  two  trials  is  ^  +  3  .  :^  ;  that  is,  .-^ .     And  the  error  of  a  per- 

0     0    0  00 

son  who  estimates  the  chance  at  ^  +  77  may  be  ascribed  to  the 

o       0 

5  5    1. 

circumstance  that  he  changes  the  ^  in  the  product  ^  .  ^  into  unity, 

thus  assuming  that  there  will  be  always  a  second  trial,  although 
the  second  trial  may  be  rendered  unnecessary  by  reason  of  the 
first  trial  having  been  successful. 

This  solution  is  of  course  quite  correct^  but  it  would  probably 

be  considered  by  the  person  who  estimated  the  chance  a*  g  +  g 

that  it  does  not  shew  him  his  error,  but  substitutes  a  different 

T.  A.  33 
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solution  altogether;  and  lie  might  say  there  is  no  wncertawUy 
about  the  occv/rrence  of  the  second  trials  for  two  trials  are  guaranteed 
in  the  enunciation  of  the  problem,  or  at  least  are  allowed  to  us  if 
we  please  to  make  them* 

The  error  really  arises  from  neglect  of  the  following  consi- 
deration; when  events  are  mutually  exclusive,  so  that  the  suppo- 
sition that  one  takes  place  is  incompatible  with  the  supposition 
that  any  other  takes  place,  then  and  not  othertoise  the  chance  of 
one  or  another  of  the  events  is  the  sum  of  the  chances  of  the 
separate  events. 

« 

In  the  present  problem  success  in  the  first  trial  is  not  incom- 
patible with  success  in  the  second  trial,  and  therefore  we  cannot 
take  the  sum  of  the  chances  as  the  chance  of  success  in  one  or 
other  of  the  trials. 

It  is  easy  to  present  the  correct  solution  of  the  problem  in  dif- 
ferent ways.  Thus  besides  Dr  Wood's  solution,  another  has  been 
given  in  Art.  723.  We  may  also  proceed  thus.  The  desired 
event  may  be  considered  as  one  of  the  following  three;  suc- 
cess in  the  first  trial  and  failure  in  the  second,  failure  in  the 
first  trial  and  success  in  the  second,  success  in  the  first  trial 
and  success  in  the  second.     The  chances  of  these  events  are 

respectively  g'g?  ^-^j  a'a'  ^^^  ^"^^  events  are  mutually  ex- 
clusive, so  that  the  chance  of  one  or  another  of  them  is 

5        5       1       ^,    ,  .     11 
36"^  36"^  36'  *^^*  '^'36* 

766.  This  discussion  naturally  leads  us  to  investigate  the 
probability  of  the  happening  of  one  or  more  events  out  of  events 
which  a/re  or  which  are  not  mutually  exclusive.  We  shall  now 
give  some  theorems  on  this  subject. 

I.  Let  there  be  any  number  of  independent  events  of  which 
the  respective  probabilities  are  a,  fi,  y, ;  required  the  proba- 
bility of  the  happeniog  of  one  at  least. 


Jn 
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The  probability  of  all  failing  is 

(l-a)(l-/3)(l-y) ; 

therefore  the  probability  of  the  happening  of  one  at  least  is 

l-(l-a)(l-^)(l-y) 

This  may  be  written  thus, 

Sa  —  SajS  +  SajSy  — 

or  i^-P^  +  iJ-^4. suppose, 

where  ij  is  the  sum  of  the  probabilities  of  the  single  events,  P  is 
the  sum  of  the  probabilities  of  pairs  of  events,  ij  the  sum  of  the 
probabilities  of  triads  of  events,  and  so  onV ' 

II,  The  theorem  just  proved  is  true  even  when  the  events 
are  riot  independent;  that  is,  the  probability  of  the  happening  of 
one  at  least  of  the  events  is 

P,-i,  +  ^-ii+ 

where  7^,  ^,  ^,  ij, have  the  meanings  already  stated. 

For  consider  only  two  events  A  and  B,  let  w  denote  the  whole 
number  of  equally  probable  cases,  rta  the  number  in  which  A 
occurs,  n^  the  number  in  which  B  occurs,  w^^  the  number  in 
which  both  A  and  B  occur.  To  find  the  number  of  cases  in  which 
neither  A  nor  B  occurs  we  proceed  as  follows;  from  n  take  away 
Wft  and  n^ ;  we  have  thus  taken  away  too  many  cases,  because  the 
cases,  in  number  nap,  in  which  both  A  and  B  occur  have  been 
taken  away  twice;  restore  then  nafi.  Thus  the  whole  number  of 
cases  in  which  neither  A  nor  B  occurs  is 

Thus  the  number  of  cases  in  which  one  at  least  of  the  events 
occurs  is 

Therefore  the  probability  of  the  occiuTence  of  one  at  least 

"~  n 

33—2 


n  n       ^       • 
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Similarly  any  other  case  may  be  treated ;  tlie  process  and  result 
are  similar  to  those  which  occur  in  finding  how  many  integers  are 
less  than  a  given  integer  and  prime  to  it  (Art.  709). 

IIL  Supposing  that  there  are  n  events,  required  the  proba- 
bility that  an  assigned  m  of  them  will  happen,  and  no  more. 

Suppose  that  the  events  of  which  the  probabilities  are 
a,  /5,  y, are  to  happen,  and  the  events  of  which  the  proba- 
bilities are  X,  /x,  v, are  not  to  happen.     Then  if  the  events 

are  independent  the  required  probability  is 

a)3y (1-X)(1-m)(1-v) ; 

that  is,    aj5y  ......  to  m  factors-!  1 —  SA.  +  SX/x  —  SAfiv+ >■. 

This  we  may  denote  by 

^*-^«+,+  ^^+.-©^+«+ , 

where  Q^  is  the  probability  of  the  occurrence  of  the  m  assigned 
events,  ©^^^  is  the  sum  of  the  probabilities  of  the  occurrence  of 
every  collection  of  w  +  1  events  which  includes  the  m  assigned 
events,  Q^^^  is  the  sum  of  the  probabilities  of  the  occurrence  of 
every  collection  of  m  +  2  events  which  includes  the  m  assigned 
events,  and  so  on. 

IV.  As  before  we  may  shew  that  the  theorem  in  IIL  is  true 
even  when  the  events  are  not  independent. 

V.  Bequired  the  probability  of  the  occurrence  of  amy  m  of 
the  events  and  no  more. 

With  the  previous  notation  this  will  be 

s«.-s«.,.+s<?.,.-sg«,.+ 

It  may  happen  that  in  some  cases 

se  = — ^—  e_. 

*     \m\n  —  m     "^ 


S«-..  =  r— TT^-— ^e-«. 


k 

[m  + 1  |7t  — m— 1 
and  so  on ;  this  will  be  the  case  when  the  events  are  all  similar. 
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YL  la  II.  we  have  found  the  probability  that  ai,  least  one 
event  shall  happen,  and  in  Y.  the  probability  that  jtist  one  event 
shall  happen ;  by  subtracting  the  second  result  from  the  first  we 
obtain  the  probability  that  two  events  at  least  shall  happen.  Then 
again  we  know  from  Y,  the  probability  that  pist  two  events  shall 
happen;  by  subtracting  this  from  the  probability  that  two  events 
at  least  shall  happen  we  obtain  the  probability  that  three  events 
at  least  shall  happen.     And  so  on. 


MISCELLANEOUS  EXAMPLES. 

1.     Having  given 

y=»ax-\-cz  +  duj 
»  =  oflc  +  6y  +  duy 
u^ax  +  hy-^czy 

shew  that  1  =  :;; + 


\  +  a     1+6     1  +  c     \-¥d' 
Xy  y,  z,  u  being  supposed  all  unequal. 

2.  If         =a,  -^—=6,   and =  <?, 

y  +  z  z  +  x  aJ  +  y 

find  the  relation  between  a,  h  and  c;  and  shew  that 

a^ t__^_^__ 

a(l-6c)"'6(l-ca)""c(l-a6)' 

3.  Find  the  relation  between  a,  h  and  c,  having  given 

X     a     y     h     z     c  , 

-+-=^  +  -=-  +  -,  xyz  =  €U>Cf 
a     X     0     y     c     z 

and  aj*  +  y"  +  «'  +  2  (a6  +  ac  +  he)  =  0. 

4.  Find  the  relation  between  a,  h  and  e,  having  given 

y     z         z     X    y    X     y 
z     y         X     z      '  y     X 
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5.  Eliminate  x,  y,  z  between  the  equations 

6.  Eliminate  a  and  h  from  the  equations 

7.  Eliminate  x  and  y  from  the  equations 

8.  Eliminate  a?  from  the  equations 

a      \a/  a       \xj 


c      \a5/  a        \aj 


9.  Eliminate  a;,  y,  z  from  the  equations 

35     V     «  X     y     z     ^ 

y     «      0?  «      a:     y 

\y    «/  \«    «/  \»    y/ 

10.  Eliminate  a;  and  y  from  the  equations 

aa5  +  6y  =  0,     a5  +  y  +  ajy  =  0,     a'  +  y*  — 1  =  0. 

11.  Eliminate  a;  and  y  from  the  equations 

y*  — a5*  =  ay  — jSaj,     4a3y  =  ooj  + /5y,     ic*  +  y*=l. 

12.  Having  given 

(a;  +  y)*  =  4c'ajy,     (y  +  «)*  =  4a*y«,    («  +  a;)*  =  46*«», 
shew  that  a*  +  6*  +  c"  =fc  2a6c  =  1. 

13.  Eliminate  a  from 

a;  2y  4^? 


a*+a^     a*  +  y'     a'  +  «'* 
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14.  Eliminate  x  and  y  from 

15.  Shew  that  the  equations 

a  =  axxf,     2a'  =  yz'  +  zx/y 
h  —  yy\     25'  =  zx'  +  xz\ 
c  =  zZf      2c'  =  xy  +  yx\ 
cannot  be  simultaneously  true  unless 

2ahc  +  ab'c'  =  aaf'  +  hh"  +  cc'^' 

16.  Find  the  number  of  permutations  which  can*  be  formed 
with  the  letters  composing  the  word  examination  taken  3  at  a 
time. 

17.  Find  the  chance  of  a  one,  a  two,  and  a  three,  of  the 
same  suit,  lying  together  in  a  pack  of  cards  which  consists  of  m 
suits,  and  has  n  cards  numbered  1,  2,  3,  in  each  suit. 

18.  A  rectangular  garden  is  surrounded  by  a  walk  and  is 
divided  into  mn  rectangular  beds  by  m  —  1  walks  parallel  to  two 
sides  and  n—l  parallel  to  the  other  two.  Find  the  number  of 
ways  no  two  of  which  are  exactly  alike  in  which  a  person  can 
walk  &om  one  comer  to  the  opposite  so  as  to  make  the  distance 
equal  to  half  the  perimeter  of  the  rectangle. 

19.  If  a;  be  a  proper  fraction,  qjiew  that 

X  Q^  x^  X  Q^  x^ 


s  + 


1-a^     l-aj"     l-a;^°     1  +  ic"  "^  1  +  a;*'     1  +  a^*' 

20.  If  a;  be  a  proper  fraction,  shew  that 

21.  Eliminate  a;,  y,  z  from  the  equation^ 

(aj-y)(y-«)(«-«)=y,  (a+y)(y+«)(«+a?)=g^, 
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22.  Shew  that  if 

aX+6r+c^=0,  anda,X+6,r+Cj^=0; 
where  X=ax  +  a^x^  +  a^ , 

T=bx  +  hjX^  +  6j, 
Z  =  ex  -^  CjOJj  +  c^; 

then    X-+r'  +  ^'  =  ^'^'<,^^-y,:V'^'-''-^)V'f'^--f'/)}'. 

23.  If  a,,  a,,  ...  a,,  and  6^,  6^,  ...  6^  be  two  series  of  posi- 
tive numbers,  arranged  in  order  of  magnitude,  of  which  a^  and  6^ 
are  respectively  the  greatest,  shew  that 

r^  +  T*  +  ...  +  r'  IS  less, 

a.       a^  d 

and 


T^  +  ,— ^  +  ...  +T^  ifl  greater, 


than  if  the  denominators  6„  6^, ...  6^  "were  arranged  in  any  other 


order  under  a^  ^g, ...  »,. 


24.     If  a  be  less  than  6,  shew  that  the  logarithm  of  ( -  j 

can  be  expanded  in  a  series  of  which  the  general  term  is 

_/2 l_\{h-a)' 

\n     n  —  lj 


a+b 


25,     If  a  be  less  than  5, « shew  that  (t)       ^  increased  by 
adding  the  same  quantity  to  a  and  b, . 


r 
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4.  88.          5.  92. 

9.  5.          10.  2. 

14.  26.        15.  43. 

18.  9. 

2. 

10a^-4aj  +  13. 

4. 

4x^  +  a'x. 

6. 

da-b  -hc-Gd. 

9. 

a  —  h  +  c^d. 

I 

12.     a-6  +  c  +  c?. 

15.     2a-h-d. 

18.     a. 

20.     Saj*. 

ANSWEKS.    I.  II.  III. 

I.       1.  23.  2.  35.  3.  63. 

6.  2Q.  7,  15.  8.  6. 
11.  9.  12.  10.  13.  0. 
16.  38.  17.  76.  536. 

II     1.  9a  -  76  +  4c. 

3.  12a;'+  6a;y  -  ^  +  3aj  +  4y. 

5.  2ah  +  2aj'  +  2aa;  +  2hx, 

7.  2aj*  +  X,         8.     2a'  -  oo;. 
10.  26aj  +  26y.       11.     a-6  +  c-(?. 
13.  a -76.  14.     5a. 
16.  12aj-8y.       17.     3a. 
19.  2a  +  aj-26  +  y  =  9. 

III.     1.  3p^  +  2y-2g'.  2.  7a»+16a'6-a6•-106^ 

3.  a*-a»6V2a6«-6*.  4.  a*  -  a'6' +  4a6»  -  46*. 

5.  a*  +  4a'a;  +  4aV-a;*.  6.  a*-8aV+ 16a;*. 

7.  a'6+(a-6)*a;-2aa;"-a'.     8.  60aj*+42ic»a-107a;V+10«aV14a*. 

9.  6a;* -96.  10.  4a;' -  22a;V  +  42a^  -  272^«. 

11.  12a;«-17a;V  +  3a^«  +  2y».    12.  a;**  -  a;y  +  a;y  -  2/^ 
13.  a;'-4y  +  12y«-9«".  14.  6a;*  +  a;V  +  2a;y-.13a;y*  +  43^*. 

15.  a;*  +  a;*(y  +  «)  +  a;*(y*  +  y«  +  «*)  +  xyz  (y  +  «)  +  y V. 

16.  a"  +  6'  +  c'  -  3a6c.  17.  a;»  +  y»  +  3a^  - 1. 
18.  a;*  +  151a; -264.                    19.  a;' -41a; -120. 

20.  4a;«-5a;*  +  8a;*-10a;»-8a;»-5a;-4.  21.  a;«+10a;-33. 

22.  a;»  -  7a;*^  +  21a;*- 17a;* -25a;»+ 6a;* -2a; -4. 

23.  a*+2a«+3a*  +  2a'  +  l.  24.  a^'-x^ 
25.  a;*-10a;»+9.                                      2Q.  a;'  +  a;*  +  l. 

27.  a;»-a;V+2a;*a6-(6'+2a<;)a;*+2a;»(6c+adf)-(c'+26fl?)a;"+2a»(?-6?. 

30.  a6c  +  (a6  +  6c  +  C€b)x  +  (a  +  6  +  c)a;'  +  a;*. 

31.  aJ*  -  iif{a  +  6  +  c  +  e]?)  +  a;'(a6  +  oc  +  odf  +  6c  +  6(?  +  cc?) 

—  x^hcd+acd-h  ahd  +  a6c)  +  cibcd. 

32.  26V+2cV  +  2aV-a*-6*-c*.  33.  V-^d\ 
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34.  4(a*  +  6*  +  c*  +  e?).  36.  2{a*  +  V-¥(f).  37.  8a^. 
38.  2(a*  +  6*  +  c*).                        39.  4  (6 V  +  c V  +  a'6"). 

43.  a;«-22a;*+60ic"-55aj'+12a:  +  4. 

44.  (C*  -  2x^a  +  2a;V  -  2a;V  +  2aj'a"  -  2a;a^  +  a\ 

45.  a*  -  a^h  -  2a V  +  2aV  +  a6*  -  6*. 

lY.     1.  a;'-a;+l.  2.  9aj* -  6icy  +  4/. 

3.  a*  +  a6-6'.  4.  a*-3a6. 

5.  32a;*+16a;V+8ajy+4ajy+2a^*  +  y*.  . 

6.  a*- a'6  +  a'b'--ah*  +  6*.  7.  ic"  +  y*.  8.  a^  +  3aj  +  2. 
9.  16a;*-8a;V+^^V-2ajy"  +  y*.                 10.  x*-xy  +  ^, 

11.  aj"-a;+l.         12.  a'-2a6  +  36'.  13.  a»  -  2a'6  +  2a6' -  6'. 

14.  16a»-24a''6  +  36a6"-276'.  15.  «*+ 2a;"+ 3a^  +  2a;+l. 

16.  a* -5a;" +4.  17.  a*-.2a6  +  36".  18.  a;*-8a»+16. 
19.  (a;"+aj-l)(aj  +  2).  20.  (2»"  +  3) (« - 4). 
21.  a  +  a5.                 22.  (a;  -  a)  (a;  +  a).                23.  a-^-h-^c. 

24.  3a;«-.2a6aj-2aV.         25.  («-l)'.  26.  3a'+4a5  +  6*. 

27.  a*-ajy  +  y'  +  a;  +  y+l.  28.  a'  +  6'if- c"  +  6c  +  ca-a5. 

29.  6(2a»  +  3a"6-a6'  +  46«).  30.  a5--ac  +  6a  31.  6  +  c-a. 
32.  (6+c)(c  +  a).  33.  a*  -  4a'6c  +  76 V.  34.  a'  +  oaj  +  a;*. 

35.  (aj  +  2«)y'+(a;'-2«*)y-a;«(aj  +  «).  36.  aJ  +  ftc  +  co. 
37.  a;'-(a+6)aj  +  a6.             38.  a;-6.             39.  ab-a4i-{'V'-i?. 
40.  a'  +  6*  +  c*.         41.  a  +  aj.         42.  (a  +  6-c-c?)(a-6  +  c-d). 
43.  x^  —  ax-^a^,                      45.  The  quotient  is  7ajy  (a? +  y). 

46.  Each  is  abc  —  op*  —  6g^  —  cr*  +  2;p5r. 

47.  (a-a;)(a-f  «)(»'  + aj*)(a*  +  a;*){a®  +  a;*). 

48.  (a  +  6  +  c)(6  +  c-a)(a-6  +  c)(a+6-c). 

49.  {p-^c  +  d-'a){a+o-\'d'-'h){a-\-h  +  d-c){a  +  h  +  c-d). 

V.  2.  9.  3.  70.  4.  6. 
6.  y*  +  lly»  +  47y"  +  93y  +  69. 

VI.  1.  a;-^2.  2.  a;+3.  3.  aj*+2a;+3.  4.  aj  +  1. 
5.  3aj  +  4a.         6.  aj-y.        7.  3aj-7.         8.  a;-l.        9.  x-^, 

10.  o^+aj  +  l.             11.  a;  +  2.             12.  a:-^3.  13.  2a;- 1. 

14.  a;*  +  (a  +  y)a;  +  y             15.  a;*+2a;  +  3.  16.  a(2a-3a;). 

17.  2a;-9.  18.  ax--hy.  19.  x-y.  20.  (a;  +  l)'. 
21.  2a;S4a;"+a;-l.                .           22»  a;-3a. 
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YII.     1.  (2a:»+3a;-2)(3a;  +  l).      2.  (3a;-2)(4aJ»-4aj'-aj  +  l). 

3.  (a^-.l)(aj  +  2).  4.  (a"-9aj*  +  23a;-15)(aj-7). 

5.  (a;  +  l)'(jc»-l).  €.  (aj'--2^(a:'-4y*). 

7.  16aj*-l.  8.  «(«*»- 1).  9.  (a:'-4a7. 

10.  (aj-l)(a;-2)(a;-3)((B-4).  11.  a;*-16a*. 

12.  (a;-a)(aj-t)(aj-c).  13.  (a;  +  c) (2aj -  36) (ai*  +  aaj -  6"). 

14.  36(a*-6*){a«-6y(a»-6»). 

3aj— 1 

YIIL     1.  x-3.  2.  a  +  h.  3.  x+h  4.  ^r ^  . 

2a;  — 1 

'      3a;+2                    ^    2aj+3  ^  3aj  +  9 

5.  :r.  6.  ;= 7.  7. 


a+1  •  3a;-4*  «*-aJ*  + 6a;*-6a;+6' 

8.^.  '9.^11^.        .  10.  ' 


aj  +  5'  '  a»-2a:-3'                         a:'-2a;  +  2* 

11.    — ^i S i    •  1^.     •  13.      r p— -  , 

or—  oaj  +  l  a                               6  —  2a5 

14,  -^ z;^^ — ^.  15.  The  numerator  will  be  found  to  be 

5 

equal  to  5  (1  +  0?)%  and  the  denominator  to  (1  +  cc^*j  so  that  the 

f5paction== 3.  16.  1-^abc,             17.  -^ — ra*          1^*  i* 

1  +xr  a  —  0  ■ 

19.  ..  7 1.    ..  20.?^.                 21.            ^ 


(4a!'-l)a!*-  n  .  («-!)(»  + 2)" ' 

(as**- 1)  (2a; +3)  a" -6*  a; +  2 

26.4^.        27.  ^'r/^:/-.        28.  J^.        29.    ^^ 


30.  ^-^^ J  ^^ .                31.  0.  32.  0.                33,  0,. 

a'6  4-  6'c  +  c'g  -  h'a  -  c'6  -  a'c  «       1 

34.  77 w — ^ — w 1^ =  —  1.  30.  ^-  .             3d.    U. 

{o-cy{c-'a)(a-b)  abc 

37.0.            38.  ^i:i*¥,.  39.4^,.             40.??. 

^2.  l^y.             43.  ^f^..  44.  ?l±i'.              45.2. 

a;                          a"- a;  a 
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^^-  -2 L — 15-  47.  -T  +  -^  +  l.  48.0^+1+-^. 

ar+ah  +  h^                       a^     a"  a;" 

.^    a {2a 4- 5x) (2a'  +  19aa;  +  42g^.  (a-xy 

x(a  —  x){a'+2ax  +  2x')       '                      '  x{a  +  x)' 

36"(a-f6)                 ar-ajy  +  ^                ic+^  2^ 

11  a;'  +  1 

55.  1.              56.  1.              57.  a;'--a;  + 5.  58.  . 

a;     as  x 

59.  ^^±^±i.                60.  a'-6'  +  c'+2a«.  61.^^^!^. 

X  X  —  y 

«o      «     1^2  .    «     o                 «Q    aj"+3aa?-2a*  ^,    x^ -2a^ 

62.  a'-6*+c  —  2a(j.            63.  ^^ .  64. . 

a;  +  6a  oa; 

« 

-^    ac  —  hd                         ^^    a* +  35*  ^^    hc  +  ca-^ab 

00.    =-i.                                    DO.     — ^r .  O/.    T" =-• 

ac  +  bd                                  2ax  oc  +  ca  —  ab 

68.  -^^tf'^'t^f-            69.'-,^<M.  70.      "^ 


71.(^±«p:.          72.  m.  73.-4^.          74.<^i^. 

2a  6  X  —  a*  26c 

75.        ^  76      ^+^ 

*  3  (a;  +  1) '  '  bdf-¥  be-\-c/'  . 

IX.     1.  1.        2.  20.        3.  3.        4.  11.       5:  |.       6.  13. 

7.  9.          8.4.  9.  7.          10.  ^.          11.  13.  12.  3. 

13.  5.          14.  28.  15.  2.           16.  2.         17.  3.  18.  10. 

i9.  IJ.        20.  2J.  21.  5.          22.  g.        23.  13.  24.  8. 

25.  4          26.  4.  27.  9.          28.  4.        29.  1.  30.  |. 

31.  66.         32.  7.  33.  7.        34  8f.         35.  4^^.  36.  2^. 

37.  If        38.  3.  39.  2.        40.  12.        41.  12.  42.  2. 

43.  3.         44.  -2.  45.  1.        46.  1.         47.  5.  48.  ^, 

49.  3|.            60.  g.  61.  -4^.          «2.  ^1^>. 

"                     26  a  +  6-c-rf  bip  +  a) 
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^    «(l-5*)  •  ^.    a^c  +  h'tt  +  c^h-a-h-e 

6(a''— 1)'  '  ac  +  bc  +  ab—1 

55.   f^i:^-^i  .  56   «^  67.-^,.  68.^. 

ar  +  o—<iC'-oc  o  a  +  o  2 

59.  2.  60.  20.  61.  5. 

X.  1.  £1290,  £2580.  2.  £120,  £300.  3.  £5. 
4.  £140.  5.  28,  18.  6.  38  children,  76  women,  152  men. 
7.  £720.  8.  £144,  £240,  £210.  9.  £350,  £450,  £720. 
10.  A  £162,  B  £118,  (7  £104.                        11.  3456,  2304. 

12.  126  quarts.  13.  £2.  15*.  14.  £3.  10^. 

15.  £600,  £250.  16.  400  inches.        17.  30. 

18.  6  shillings.  19.  3.  20.  8,  6,  3,  2;  24  kings  in  all. 
21.  42.          22.  £3600.         23.  7,  8.  24.  11  oxen,  24  sheep, 

25.  5  shillings  taken  by  each ;  there  were  20  shillings  in  the  purse, 

26.  240.  27.  90  by  180,  and  100  by  230.  28.  48  minutes. 
29.  £8750.  30.  5.  31.  60  oranges  and  240  apples. 
32.  10  from  A,  4  from  B.         33.  11,  22,  33.  34.  £420.  10^. 

35.  6t\  or  4^  past  one.       36.     — .        37.  2«.  Sd.        38.  40. 

XI.  1.  aj=5,  y=7.  2.  a;=ll,  y=4.  3.  a;=16,"y  =  7. 
4.  a;=60,  y=36.  5.  a;=12,  y=20.  6.  a;  =18,  2/=  6. 
7.  x=2y  y=13.  8.  aj  =  8,  y=l.  9.  aj  =  -6,  y=12. 
10.  aj  =  10,  y=20.          11.  x=7y  y=U.  12.  iB=18,  2^=12. 

13.  05= '4,  y=*l.  14.  x  =  y=^.  15.  x  =  yz=m  +  n, 

16.  x=Sa,  y  =  -26.         17.  {b  =  4,  y=l.  18.  0?=^,  y  =  ^. 

--,  nc  +  hd  mc  —  ad  ^^  -^ 

19.  a:=-7; ,  y=-T .  20.  aj=12,  y  =  6. 

21.  x=^2y  y  =  -l.  22.  aj=3,  y=2.  23.  aj=3,  y=4. 

24.  iB=12,  y  =  3.  25.  aj=2,  y  =  7.  26.  aj  =  2,  y=6. 

27.  a;  =  3,  y  =  5.  28.  a:  =  4,  y=3. 

XII.  1.  a;  =  7,  y  =  5,  «  =  4.  2.  aj  =  2,  y=3,  «=4. 

4  4 

3.  «^  =  3>  y  =  4>  *"fi'  *•  »  =  2,  y  =  3,  »  =  5. 
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5.  x  =  2,  y  =  3,  z=L  6.  x  =  S,  y  =  4,  z  =  2. 

7.  a;  =  10,  y  =  2,  z  =  3.  8.  a;  =  4,  y  =  3,  «  =  5. 

7  7  21 

•  9.  a;  =  3,  y  =  4,  «  =  6.  10.  a;  =  g,  y=-2»  ^=io- 

11.  a;  =  2,  y  =  3,  «=1.  12.  a;  =  4,  y=9,  «  =  16,  w  =  25. 

13.  M  =  4,  a;=12,  y=5,  «  =  7.      14.  a?  =  3,  y=l,  w=9,  »  =  5. 
15.  x  =  3,  y=2,  w  =  5,  »=-4.     16.  x=2,  y=4,  «=3,  w=3,  ^=1. 

17.  x  =  2,  y=l,  »=3,  w  =  -l,  t?=-2. 

18.  0^  =  2'  2^  =  2'  ^  =  2-  ^^-  "^=""2^0 ' 

2c\c-a-h)  2cb  2ac 

""  (c  +  a  —  6)  (c  +  6  —  a)'         c  +  6  —  a'     ""c  +  a  —  ft' 

21  1  22   0,  -  ^i^H^H^m) 

(a-6)(a-c)        •  a(a-6)(a-c) 

23.  -  =  -^(1+-).  24.  aj  =  6  +  c-a.' 

a:        \6      c/ 

XIII.     1.  |.  2.  250,  320.  3.  zi.  4.  5,  6. 

5.  4:28.,  268.  6.  758.  and  35*.  7.  5  and  7. 

8.  7;  10.  9.  300,  140,  218.  10.  1,  3,  5. 
11.  Tea,  58,  per  pound;  sugar  4c?.  12.  50. 

13.  £3000,  £4000,  £4500,  at  4,  5,  6  per  cent,  respectively. 

14.  100  miles  j  original  rate  25  miles  per  hour. 

15.  8  and  12.  16.  £540;  17  pence. 

17.  £70.     An  ox  costs  £10  and  a  lamb  18«.  9c?. 

18.  A  26,  £  14,  C  8.  19.  A  wins  21  games,  £  13  games. 
20.  A  Us.,  JS3S8.y  (7335.,  D  328.,. £3^8.  21.  90  miles. 

22.  A  could  do  the  work  alone  in  80  days,  B  in  48  days;  ulmust 

11  21 

receive  ^  of  the  money,  and  JB  ^^  o£  the  money. 

23.  il  in  five  minutes,  B  in  six  minutes. 

24.  2^,  2;  distance  5  miles.  25.  600  yards.    ^ 

27.  A  in  — ~ days,  B  in  -^—  days. 

p+n—m  m—n 
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28.  — ^^ miles  per  hour,  29.  4  yards  and  5  yards. 

30.     27.  31.  36. 

32.  Coacli  goes  10  miles  an  hour;  train  goes  30  miles.     From  A 

to  ^  is  16|  miles;  from  A  to  C  ia  20  miles;  from  (7  to  ^  is 

40  miles. 

2a;"- 4  h 

XIY.     1.  a.  2.  =— ^.  3.  -, 

x  +  o  a 

4.  0.  6.  s •  ®*  ^  =  ^f  y  =  o,  »  =  c. 

9.  (as  + 1)  (a  +  2)  («  +  3)  (a;  +  4). 

XV.  1.  ^t^.  3.^  =  0,. 

ar  +  a;  +  l 

4.  a;  =  6  -  c,  y  =  c  —  a,  »  =  a  —  6.  5.  Clear  the  given  rela- 

tion of  fractions;  thus  we  find  (a  +  6)  (6  +  c)  {c  +  a)=  0,  therefore 
one  of  the  three  Actors  must  vanish;  hence  the  required  result 
follows.  6.  Each  child  obtains  £1920.  12^.,  and  each 

brother  £960.  65.  7.  a;  =  -3a. 

XVI.  1.  l  +  4aj  +  10a'  +  12a;'  +  9iB*. 
2.  l-2a;+3a;»"4a;V3iC*-2a;*  +  a;^ 

4.  l  +  6a;  +  15a*  +  20a;'+15aj*  +  6aj*  +  a;". 

5.  l-6x  +  15a;'-20a;'+15aj*-6a;*  +  «'. 

XYII.     1.  a;"-a;+l.  2.  a"-2aj-2.  3.  2»"+3{b-1. 

4.  205*  -  a; +1.  5.  2a;"  -  3aa;  +  4a'.  6.  5a;"  -  3aa;  +  4a", 

7.  (a;-a/.       8.  a" +  6".       9.  {a' +  b'){c' +  cP).       10.  a'-b'+c'-d'. 

11  o^  io«^.^  -«a"aa? 

11.  a;-2--.  12.  aj'-Tr+-.  13.  77  + . 

X  2     X  2      X     a 

14.  a"  +  (26-c)a  +  c".       15.  (a - 26) a;" - a^ii  +  26 - 3.        16.   1'14. 

17.  2a;"-3a;  +  l.  18.  2a;"  +  4ca;  -  3c".  19.  2a;"  -  3ca;  +  4c". 

20.  5-51.  21.  9009.  22.  22-22. 

23.  llllllllL  24..  aj-i. 

X 

26.  The  given  expression  =(?J*-y«){(a;"-y«)"-(y"-«a;)(«"-ay)} 

+' two  similar  expressions 
=  («*--  yz)  a;  {a;'  +  y"  +  «^  —  Sxyz}  +  two  similar  expressions 
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XVIIL     1.  xK       2.  ar\       3.     ^ 


'a\ 


(^ 


4.  1.   .    5.  IY\    . 


6.  a^ft-i  +  a^^i +a"i6i  7.  a;^ +aj^y-a2/'-y^.         8.  a*— 1. 

9.  a  +  ai-l  +  a~4  +  a~^         10.  - 4a"^6"^  +  9a~*6.        11.  x-^y. 

12.  a;*-icia*  +  a'  13.  a"+l+a~".  14.  2aj' -  3a;y  +  2y'. 

15.  a  +  a46i-J.  16.  -  "^"-^  .^     v        x  ,       x 

X 

18.  2ai  -  36*  +  4cl.  19.  16aj?  -  IGx*  +  12  -  4a;-i  +  «-*. 


X  +  paja  +  a  ^i  2y' 


8  10 


XIX.     1.  a^  +  a*6Ua*6Ua6'  +  ai65  +  6^ 

2.  2^  +  2^  3^+2^.  3*+2. 3  +  2^3^31 

3.  3*  -  3 .  5i  +  3*  5*  -  5*.  5.  -2679492. 

8.   ^a/--^  +  3      /|.  9.  a-2a46i-6.  10.  1+^3. 

11.  2  -  ^3.  12.  ^5  +  J2.  13.  V(10)  +  2  ^2. 

14.  3^7-2^3. 

16.       /((^  +  ^)(^+<^) 


}V{ 


^^-  \l~i^  Jr 


(a  —  c){b  —  c) 


}■ 


20.  1. 


21.  1  +  ^/2  +  ^3. 


19.  3n/3-2. 

22.  l  +  yf-y|.  23.  ^6+^3-^5-1. 

21  1+V2.         26.1+^5.  26.^3-^2.  27.  ^6-J5. 


XX.     1.  1,  4. 


2.  |,  |.         3.  «=1,3. 


5.  3,  ^. 
9.  3,  11. 


6.  17,  |. 
10  ^     -i 


7.  -4,-6. 

11   5     -? 
^*'  3'      2* 


4   4-^ 

ft    K       32 
^'*-  2'       2" 
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13   -^       ^ 

1^.  10 ,  11- 

14     1       V 
•  13'    60" 

15.  4,-1. 

16.  3,-|. 

17.  4,  L 
5 

18.  6,-1, 

19.  5, -|. 

20.  8,|. 

21    ^     ^ 

''■''-25- 

23.  10,-2. 

24*      1    -^^ 

-.2       3 
^^-  3'    !()• 

26.  ±76. 

27.-l,|. 

28.7,-^. 

.9.3.-JJ. 

30.  2,  16. 

31.  -2,-16. 

32.  3,  -  5. 

33.  5,  —  3. 

34.  29,  - 10. 

35.  10,-29. 

4 

36.  3,  —  -^ . 
5 

37:  1,  |. 

38.  24,  '^. 

o9.  8j  —  8. 

40.  10,-10. 

41.  2,  -  3. 

42.  2,  |. 

43.  3,-^^. 

44.  3,-|. 

45.  3,-i. 

46.  ^,  1. 

47    ^^     1 

48.  0,  4. 

49.  0,  |. 

50.  1,-?. 

51.  2+^3,  and  -  (2  +  ^3)  2. 

52.  a  ±5. 

a-6     a4 

-x".             04:.  a»* 

•  0 

-Jia'-b'). 

55.  J{a  +  6+c±^(a'  +  6'  +  c'- 

ab  —  be  —  ca)}. 

50,  a  +  b  +  c. 

57.  -a,  -6, 

58.  «*-^*' 

2ab 

59.  0,  2«*- 

i-2c    • 

^.    2a-b        da  +  2b 
cus               be 

61.  - —  —  [db  +  bc  +  ca^  fj{a^h'  +  hV  +  cV  -  a5c  (a  +  5  +  c)}]. 

63.  -a,  4iLi4. 
'  c  (2c  +  3) 

In  the  following  chapters  the  irrational  roots  and  the  impos- 
sible roots  have  not  always  been  given ;  and  some  of  the  roots  given 
are  not  applicable;  see  Arts.  329,  330. 

XXI.     1.    1,  g.  2.1,-2.  3.  (-41)*,  9. 

T.  A.  34 
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4.  14'",  (- 1)".  5.  2,  3.  6.  2",  (- 1)". 

7.  {-  Va  ±  «/(« -  c)}'.  8.  ±  1 1.  9.  2^,  f- 1')'^. 

10.  8,  ^ .  11.  8,  (- y  J2\'.  12.  -=  2,  * ^10. 

13.^,1.  U.  4,  1.  15.  16,(-^y. 


16 


;.  (-  1)S,  0*.        17.  4,  -  1.         18.  2",  1.         19.  9,  -^. 
20.  *5.  21.  *v^(^^-^').  22.  16,0.  23.  18,3. 

2i.  2'  =  8or-10;  .-.«:=  3.  25.  0,  ^^^^-^^^^lSF. 

26.  0,  —^a.  27.  a  = ^  or r  . 

2  n-2        n+ 1 

28.  a;'  =  -  oS  ±  1^  V(3a*  +  36*  -  6a*6^). 

29.  {^(aj  +  2)  +  ^(a5*  +  2a5)}*  =  (a  -  aj  -  ^xY,  a  quadratic  in  ,/^, 

-(2-^a)^V(2a«+3aO  c»-2 

^''"      r~Xi:2^^  •  ^^•^'(^T2y»- 

31.     Multiply  up  and  arrange 

a;  y  (a  -  a?)  -  ^(a  +  a;)}  =  ^a  {^(a«  -  a^  -  a}, 

/o 

square,  <fec.  a?  =  0,  ±  — ^  .  32.  2a,  -  2a, 

33.  1,-y.  34.  l.sy.  35.  ±2a,  *2aV(-l). 

oc      «     a'  ^c'*  n»»    1         25  „-  1 

36.  ar  =  0or^3,-^^.  ^^^  2'  "  e"'  38-  *«» '^-• 

39.  *^,  *!iv^.  40.  -=  ^2.  41.  5,  -& 

42.  f  (1  ±  V5).  43.  «•  =  "*!~.'^'"!; .  44.  a^  =  9. 

^  4  (»»  —  1) 

^^-  **  =  T^^Ip  •  46.  a;'  =  ^ .        47.  {c  -=  ^(c*-  !)}•-' . 

48.  0,1|,  49.  ±2a,  *aV(-6).  ^0.  |,   |. 


1/ 
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'     3a*  +  36*+  lOab  '      5 

54.  -^.  55.  1,         23         •  ^^-  ^'0-V6/-4^ 

57.  a;  =  J .     Proceed  thus,  ^^^  =  j  ^— g— j  .  &c. 

58.  0,-1.       59.  0,  i{a  +  6+c±^(a'  +  6'  +  c'-36<j-2ca-2a6)}. 
60.  0,  -i^.  61.  0,  ±V(a"  +  6*). 

62.  0,  =fc  ^{Twn  +  a  (m  -  w)}.  63.  0,  a  ^1  ±  2     /-^ . 

64.  Transpose  and  square;  we  get 
2a;  (2a;  +  1)  ^(a;*  +  2)  =  2  («« + 1)  (2a  +  1). 

The  only  solution  is  a?  =  —  ^. 

65.  1.  66.  4,  -9.  67.  0,  2.  68.  0,  -5,  |,  -y , 
69.  1,-4,  Zl±^ll^^      70.  1,^.       71.  2,-5/^{-3±V241}. 

72.  a  +  2,-?^.  73.  2,-.|.  74.  1,-2. 

75.  of  +  5ax  =  —  5a'  =fe  ^(a*  +  c*) ;  whence  x. 

1  9 

76.  aj'+3a3  =  -7  or  — -r :  whence  aj. 
4  4 

_^    a*  +  a;*     a*  +  a;*    ,  a  /    -.        /fv 

78.  ^=  (^-"o +  2)"^(*"*2'"2)'     Q^iacli'atic  in  (a; - ^ j  . 

79.  (aj"-a;)'-(aj*-a;)  =  a.  80.  4,-3. 

81.  yx+^(x+7)Y+^x  +  J{x  +  7)  =  i2.    «  =  9or(||y, 

82.  (aj-4Va;)'  +  2(aj-4Va;)  +  l  =  0.     a;=7±4^3. 

83.  (2  ^a;  +  1)  {Jx  +  ^(a  +  a;)}  =  6 ;  multiply  both  sides  by 
I                 N/(a+a5)-V«;  .-.  a(2  ;^a;  +  l)  =  6{^(a  +  a;)-^a;},  &c. 

84.  (a:»  +  a;)'+4(aj*  +  a;)  +  4  =  16a?'.         85.  (a;*  +  a^  =  2a' (a;  -  a)*. 

86.  (x-^^)\a(x  +  —)  +  b^~^0. 
\      ax/         \      ax/  a 

34-2 
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87.  ( )-2( )  +  l  =  0.  88.  0?  +  -=^  or--s-. 

89.  (a; -  -  j  -  2  ro; j  + 1  =  Q  after  expunging  J{x- 1)., 

90.  1+^/3*^(3  +  2^3),  1-V3±V(3-2V3). 

91.  (a;+l)(iB'-a;+l)  =  0.  92.  (aj+ 1)  {1 +7i(a^-aj+ 1)}  =  0. 
93.  a;  =  5  is  obviously  one  solution.  94.  aj=  6  is  obviously  one 

solution.  95.  as  =  6  is  obviously  one  solution. 

96.  a?  =  0  is  obviously  one  solution.  97.  (a;*  -  4)  (a?  -i- 1)  =  0. 

98.  fi(?  =  a  is  obviously  one  solution. 

99.  8a?*-l  +  8(2aj-l)  =  0;    .-.  a5  =  ^  is  one  solution. 

4     1  /      2\  2 

100.  05*—  a~~  \^'^^)j     .*.  a;  =  —  -qis  one  solution. 

101.  aj  =  -  w  is  obviously  a  solution.  102.  x=  a,  h,  or  —  (a  +  h). 
103.  a;  +p—  1  is  a  factor.  104.  a;  (p—  1)  +  1  is  a  ^tor. 
105.  a;'=  1  is  obviously  a  solution. 

XXII.  1.  3  (a:  -  5)  («?  +  f)  •  2.  (a;  +  60)(a;  +  13). 

3.  2  (aj  +  2)(x  -  ly      4.  (a?  -  62)  {x  -  26).      5.  x'-  14a?  +  48  =  0. 

6.  aj»-9a;  +  20  =  0.         7.  aj»  +  aj-2  =  0.  8.  aj*~2a;-4  =  0. 

9.  42,  36,  117.  10.  m=8.  11.  ?-—??,  pip'-^qY 

12.  ca:*+6a;  +  a  =  0. 

XXIII.  1.  a?  =  ±3;  y  =  ±4.  2.  a;  =  60,  40;    y  =  40,  60. 

16  5 

3.  a;=2;y  =  2.  4.  a;  =  4,  y  j  y  =  3,  g. 

5.  a;  =  7,  5;  y  =  -5, -7.  6.  a  =  2,  5;  y  =  6,  3. 

7.  a!  =  ±7,  ±4;  y  =  *4,±7.  8.  «  =  -l,  gj  y  =  -l,  |. 
9.  »=!;  y=l.  10.  a;  =  =fc3,  =f8;  y  =  *5. 

ll.a!  =  5,  ^;y  =  9,^.       12.  a,  =  *3,*36;y  =  *5.,^. 

13..  =  .3,*J^;j,  =  .2,=.-^. 
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=  =k 


14.  a,==.2,=.y|;y  =  =^^,^2y|. 

16.  aj=±4,  ±3^3;  y  =  ±5,  ±^/3.        17.  »  =  =*=  7^' ^--^ ^21* 

18.  a:«3,--;  y  =  -4,— .  19.  a?  =  =^^2;  y  =  ^^s/r 

20.  a;  =  ±6,  y  =  ±3,  =f3.  21.  aj  =  ±3^2;  3/ =  i  ^2,  =f  ^/2. 

12 
22.  a;  =  0, -1;  3^  =  0, -y.  23.  aj  =  0,  4;  y=^0,  5. 

24.  a?  =  0,  15;  y  =  0,  45.  25.  aj  =  0,  2,  ±^2;  y  =  0,  2,  2^  ^2- 

21  7 

26.  aj  =  0,  4, -2;  y=^0,  2,  -4.  27.  a;  =  5,  —  ;  y=3,  -. 

28.  a;  =  4,  2;  y=2,  4.  29.  x  =  2,  0;  y=0,  -2. 

30.  a;=.l,  4;  y  =  4,  1.  31.  aj=l,  10;  y=10,  1.      • 

32.  x  =  3,  2;  y  =  2,  3.  33.  aj  =  8,  4;  y  =  4,  8. 

34.  a:=17,  1;  y  =  l,  17.  35.  a;  =  4,  2;  y  =  2,  4. 

36.  03=4;  y  =  l.  37.  a;=l,  4;  y  =  4,  1. 

38.  a;=2,  3;  y  =  3,  2.         39.  a;  =  ±2,  y  =  ±2;  or  a;  =  rfc2,  ^  =  ^2. 

40.  a;  =  3,  y=l;  a;  =  l,  y  =  3.  41.  a;  =  5, -2;  y  =  2,-^. 

42.  a:  =  ±2,=fcl;  y  =  ±l,±2.  43.  aj  =  i(9±  ^73),  y=  ^(9=^  ^73). 

44.  a;  =  ±3,  ±2;  2/  =  ='' 2,  ±3.       45.  a;  =  ±5,  ±3;  y  =  ±3,  ±5. 

46.  a;  =  ±3,  ±2;  y  =  ±2,  ±3. 

47.  x  =  ^J{-3),^J3;  y^^^Ji-S),  ^2  ^3  ov  ^  2  JZ. 
The  first  equation  may  be  written  thus, 

xy{yfx--3)=^3{4:X  +  y  —  oct/), 

48.  x  =  S,  2;  y  =  2,  8.  49.  a:  =  9^  4;  y  =  4,  9. 
50.  a;  =  8,  64;  y  =  6i,8.           51.  a;  =  5,  13;  y  =  4,  12. 
52.  a;  =  4,  9;  y  =  9,  4.               53.  a;  =  2,  8;  y  =  8,  2. 

54.  Jx  =  2^^6,i{^J(l5)-5};  ^/y  =  -2±  ^6,  M=^  V(15)  +  5}- 

a  h 

55.  a;  =  5,  y  =  3.  56,  a;  =  sfcl,y  =  3.  57.  ^=o>y=o- 

58.  a;«=  J  {a«±  ^(a*  +  46^},  y-=  J{-  a'  ±  V(a^+  45^}. 

59.  a;y  =  J{26*±  J{2h*+  2a*)} ;  whence  we  may  proceed. 
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62.  »«  =  d=^,d=a«;y»=^',0.      63.  a:  =  0,  2(a  +  6);  y  =  0,  Soft. 

64.  4aary  =  (1  -  a?y)*;  this  gives  a  quadratic  in  a^. 

65.  ^  =  —  ,  thus  X  =  ^ ^^,  &c. 

aj-y       c  ay  —  o 

^^'^=   4K-6-)   >y=^-4' 

67.  a^=5«{2±^3};  y»  =  a' {2  =f ^3}. 

68.  Add;  thus  «?»(«- l)"+y»(y-l)»  =  a  +  6;  also 

a:(aj-l)  +y  (y-1)  =a; 
.-.  »(«-.!)  =  i{a±V(2a+26-a»)};  y(y-l)=i{aTV(2a  +  26-a*)}. 

69.  a:  =  0,  2a;  y  =  5,  —  6;  «  =  c,--c. 
^^15         _1     l£        _1      15 

*""2'   26^  ^~3'    13^  "^"i*   44* 

71.  Three  simple  equations  for  finding  ory,  yz^  zx, 

111 

72.  Three  simple  equations  for  finding  — ,  — ,   — ; 

also  Xy  y^  and  z  may  each  =  0. 

73.  From  the  Ist  and  2nd  by  subtraction  a:  =  yoraj  +  y  =  «;  then 
use  the  third  to  complete  the  solution.     We  shall  obtain 

a;  =  y  =  ±^{2c  +  a=fc^(a*  +  4ac-4c^}^, 
»  =  {2c  -  a  T  ^(a*  +  4ac -  4c*)}  -r  4a?; 

or       x2j2^  J(a+c)  +  ^{^c-Za\,y2^2  =  ^(a+c)-  J{5c''Za\ 
zJ2  =  J{a  +  c). 

74.  Form  a  quadratic  in  z;  then  «=  6  or  —  5  ;  with  the  first  value 

we  geta;  =  4  andy=5;  with  the  second  «=-j^,  ^^irT' 

17  a?  +  V     7 

75.  By  eliminating  z  we  get  «  +  y  +  —  =  ^  and  asy  + ^  =  -5 ; 

•^  o  o  ^a^2  ^a!y2 

/        1  \      aj*v*  —  1 
.*.  (aj  +  y)(l )  =—^ ,  &c     2,  1,  ^  are  the  values  of 

x,  y,z;  these  values  may  be  arranged  in  6  waya. 
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76.  Form  a  quadratic  in  x+^+z  which  gives  9  for  one  value,  this 
leads  to  a  cubic  in  oct/y  of  which  the  roots  may  be  seen  to  be 
6,  8,  12;  hence  for  the  values  of  x,  y,  z  we  get  2,  3,  4,  which 
may  be  arranged  in  6  ways. 

77.  We  may  deduce  xyz  =  0 ;  thus  one  or  more  of  the  three  x,  y,  z 
must  be  zero.  The  results  are  0,  0,  1,  which  may  be  ar- 
ranged in  three  ways.  78.  a?  =  a'  -f  =fc  J{a^  +  6*  +  c^. 

79.  a?  =  7.-  or  else  9a;*(a— a;)=a'.    Similarly  for  the  other  quantities. 

XXIY.     1.  15  and  24.        2.  3.4.5;  that  is,  60.         3.  120 
and  121  yards.         4.  Five  miles  per  hour.         5.  66  on  one  side, 

22  on  the  other.  6.  28  acrea.  7.  14.  8.  |(1  +  ^5)  is 

the  produced  part;  a  being  the  given  line.  9.   50  and  15. 

10.  18.  11.  Ninepence.  12.  30  Austrian;  36  Bavarian. 

13.  5  and  4.  14.  The  first  worked  24  days  at  4«.  per  day; 
the  second  18  days  at  3«.  per  day.  15.  15  persons;  each  spent 
5  shillings.  16.  100  shares  at  ^1 5  each.  17.  af-^a^=9{x-^l); 
.*.  a5'  =  9;  the  number  is  3.                18.  7  per  cent,  and  6  per  cent. 

7 

19.  Kate  of  train  is  ^  that  of  coach.     20.  A  40  hours;  £  60  hours. 

21.  70  miles.  22.  150  miles.  23.  5  hours  and  3  hours. 

24.  15  hours  and  10  hours.  25.  36  workmen,  and  each  carried 
77  lbs.  at  a  time;  or  2S  workmen,  and  each  carried  45  lbs.  at  a  time. 

XX V.     1.  1.       2.  The  expression  =.^  ^  1  v/^.g ^th-b — it; 

^  {2a*-h  bc){2b'+ca)(2c'-h  ab) ' 

then  see  Art.  70.     6.  1  +  a:*  +  a;*  -  a*.     7.  -y^  {J{a  +  6)  +  J{a  -  b)}. 

8.  |{V(l  +  w  +  w")  +  V(l-w  +  w«)}.  9.  aj=10. 

12.  We  get  {b^xx  +  a'yy  -  a'by  +  aV{xy  -  yx'y  =0.        13.  £30. 

14.  2.5.9.  16.  aj  =  0or2.  17.  aj  =  l±^2  or  1± ^(-1)- 

18.  a;  =  l,  2,  3,  or^{-ll±^(-23)}.       19.  aj  =  3*^5  or  1±^5. 

20.  ^(2aj-l)-^{5a-.4)=^(4aj-3)-V(3»-2);  then  square;  x  =  l. 
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21.  x-a  +  ic  ^{X''a)+  ic*  ^  x  ■{■  a  -  4h  J{x  +  a)  +  46";  then  extract 
the  square  root;  a;  =  (c  ±  6)*  + —. . 

22.  nx  =  n{x-^a-a);  dividehy  J{x  +  a)-^a;  aj  =  0,    ^?     ~J!l-  . 

23.  a;  =  a,  ^(a  +  5);  y=6,  J(a  +  6).  24.  a:  =  -^,  y  =  -^. 

2  3 

25.  as  =  3  or  -r ,  y  =  2  or  —  •= . 

o  5 

26,  2x  =  a-{'C-hd^^(a!'-^h'  +  c'-2bc-2c(i-2ah);  x  +  y  =  c. 

I 
Also  x=^{ac),  t/  =  J{hc).  27.  x  =  2,  y=o>  «  =  !• 

28,  Add  the  four  equations;  thus  we  get 

(i?  +  oj  4-  y  +  ;5)'  x=  4  (a  +  6  +  c), 
and  from  this  result  and  the  first  given  equation 

{v-[-x-y-zy=Sa; 
2v  =  ^J{a  +  h  +  c)d^  J  {2a)  ±  ^(26)  ±  J{2c), 

XXVI.  1.4:  9;  10:  12.  2.7:15.  3.   18  and  27. 

5.  Short  road  from  -4  to  ^  is  26  miles;  from  ^  to  C  52  miles. 

6.  Either     xa  =  yh  =  zc  =  -z j- ; 

0C  +  ca  +  ao 

or  else  osa  •{- yh  +  zc  =  0  and  x  +  y  +  z  =  —  l, 

XXVII.  1.  3.  2.  6400.  3.  57.  4.     '^^       . 

ay 

9.  Suppose  ac?  =  6c;  then 

10.  In  the  first  the  wine  is  J  of  the  whole;  in  the  second  |. 

11.  A  has  £72  and  B  has  .£96 ;  each  stakes  xk  of  his  monej. 

12.  Female  criminals  f  of  the  male.' 

XXVIIL      1.  4,      2.  a  =  56.      3.  4.      4.  1.      6.  |.     7.  10. 
8.  27a;»  =  4y^     9.  y  =  2a;  +  -.      10.16.      13.10.      14.  (r^  +  r'^)* 
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15.  WehsLve  y  +  z  —  x=^A,  {x  +  y-'Z)(x  +  z  —  y)  =  Bj/z; 

thus         a:"  -  (y  -  «)"  =  Bj/z,  therefore  a?*  -  (3^  +  «)*  =  (B-i)  yz, 
.•.  (a;-y-«)(aj  +  y  +  «)  =  (5-4)y«,  or -ui(a;  +  y  +  «)  =  (-2-4)y«. 

16.  2(n  — l)hours.  18.  4  hours. 

XXIX.  1.  450,  1214;  product  613260.  2.  321420111. 
3.  15^1.  4.  209.  5.  1105^.  6.  624.  7.  2223. 
8.  1022634.          9.  17*6.          10..134M11.           11.  3015333. 

12.  1099-39.     13.  124-96.     14.  75346-1.     15.  1589-349609375. 
16.  588;  1114.       17.  22441;  20846^.       18.  152.       19.  11111. 

20.  44-4,  in  scale  3  it  is  1001-2.      21.  62444261,  sq.  root  is  7071. 

1 90  1  2 

22.  1101111.  23.  ^.  24.  i.         26.  -02,  that  is,  j^  . 

26.  Eight.         27.  Six.         2^,  Eleven.        29.  Five.        30.  Six. 
31.  Five.  35.  2'V2*  +  2^  +  2*+ 2*+ 2*+ 2  + 1. 
36.  3%  3*+ 3*- 3^+1.      37.  3«-3»-3-l.      38.  3«-3*-3'-3+l. 
39.  Three  feet  eleven  inches.     40.  Twenty-three  inches  and  a  third. 
43.  /•  —  1  and  r"~*;  r  being  the  radix  and  n  the  given  number. 
45.  The  number  is  one  hundred  and  twenty. 

XXX.  1.  800.  2.4.  3.-333.  4.  -26f.  5.-2. 
6.  61  J.  7.  5.  8.  425.  9.  0.  10.  n{%-hn). 

11.         ..^ — -.  12.  Common  difference  - 3.  13.  9. 

14.  4  or  - 11.  15.  2n  - 1.  16.  Number  of  tends  is  10  or 

12;  last  term  3  or  -  1.  17.  Common  difference  7. 

18.  The  number  of  terms  is  m  +  w  — 1  or  m  +  w;  in  the  former 
case  the  last  term  is  1 ;  in  the  latter  case  it  is  zero. 

20.  ^{2  +  4(7i-.l)}orw(2n-l),  21.  1111.  22.  20. 

23.  J  (7i-l)w  (27^-1)  yards.  24.  1,1334.  26.  Nine 
means,  3,  5,  7,  ......  19.                  26.  Number  of  terms  19  or  -  2. 

27.  5  or  -  10.  28.  4  or  7.  31.  4  or  9.  32.  p+q+{m--\)2q, 
36.  5,  9,  13,  17,  21,  25.  37.  17.  38.  100  or  -107. 
39.  Number  of  terms  7;  middle  term  11.  41.  n*.  42.  -n(-l)\ 
43.  i{l-(2^  +  l)(-l)-}.            46.  9.   '.       47.  ln{n+l)(n  +  2). 
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50.  ^(19 -w).      *"    51.  j^,   j^,   j^,    jg.  52.  25  months. 

53.  — ^-^ pecks,  calculated  to  last     _     weeks. 

54. hours.  h^,  432  guineas. 

^^^    ^-^Idy-l}-      2.-|{2"-l}.     3.9{l-(|)"}. 

9.  ^.  10.  9.  11.  10.  12.  1.  13.  ^. 

26  6 

14.  1 .  15.1.  16.4  +  3^2.  17-ii(i  +  |»)- 

18.. .21.  See  Art.  473.  19.  4-(n+ 2)2-"-^\ 

20.  6  -  (2n  +  3)  2-\  21.  i  |2  +  (- 1)-  -^} . 

23.  81.  24.  £108,  £144,  £192,  £^^^. 

'lb.  4^{a*-(-l)«-l}.       28.  £3.45.       32.  Common  ratio -1-r  . 
a*+l^     ^     '      *  ^+1 

33.  f5!^7j)--^.  38.  r  =  2,  a  =  3;  r  is  found  by  an 

(r-1)*        r-1  '  ^ 

easy  cubic.  39.  -^— ^ '-.  40.   —  (10"- 1)- -q--. 

9K         IK         Q         Q 

42.  2,  4,  8,  12;  or  ^,   tl ^  |,   |.  43.  2,  5,  8. 

a(l-6r+6r*) 
^^-   (l-r)(l-6r)* 

XXXII.     1.  JY^    J4.  ^-  2'   3'   4 19  •  ^'  ^^^ 

denoteit,thenl  =  l  +  (w-l)fl-lV  4.  ^^}^'P . 

6.  The  common  difference  in  the  arithmetical  progression  formed 

2 
by  the  reciprocals  is =■ .  8.  2  and  4.  11.  2,  3,  6. 
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2  1 

12.  The  terms  are  ^o  ^^^  o  >  ^^^^  tl*©  series  can  be  continued. 

14.  We  may  shew  that  A  = and  ^=3  ^  "  -  ,  and  as  A  and 

za  —  b  2a -b 

G  are  known,  we  can  find  the  two  quantities.  19.  a'+ah, 

a*  —  b',  a^—ab. 

XXXIII.  1.  1341 -1323.         7.  36  miles.  8.  64  gallons. 
9.  A  £100)  B£SO. 

XXXIV.  1.  1120.  2.  453600.  3.  454053600. 

4.34650.         5.6.  6.      ^IL.  7.  '4^,   '-^ . 

[2[Z[5  1.2    '      1.2 

„      195         .195  160  15 

^'  [9(86'   [10[85-  ^-  L12[48*  2  ' 

12.  Suppose  one  person  to  remain  fixed,  and  all  possible  permu- 
tations formed  of  the  other  w  —  1  persons.     This  gives  In  —  1  as 


the  number  of  ways.  But  this  counts  as  different  ways  a  pair  of 
cases  in  which  each  person  has  the  same  neighbours,  but  the 
right-hand  neighbour  of  one  case  becomes  the  left-hand  neigh- 
bour of  the  other,  and  vice  versa.  If  such  a  pair  of  cases  is 
counted  as  only  one  case,  we  must  divide  our  former  result  by  2. 
For  example,  if  there  are  three  persons,  there  is  only  one  way 
of  ari-anging  them,  in  the  latter  view.  13.  [9,  1 10  — [9. 

,,    12.11.10     16.15.14.13         ,^    _.  .        .       .  ^,. 

14.  rr X 7-. .        15.  If  there  is  only  one  thing, 

[3  [4 

it  may  be  given  away  in  n  ways;  then  as  a  second  thing 
may  be  given  away  in  n  ways,  there  are  w*  ways  of  giving 
away  two  things;  and  so  on.  16.  w  =  2r  +  1;  r  =  8. 

17.   ,— I      —  ^  ^— r= —  X  |«  +  r.      Or  if  the  m  things  are  exactly 

[a  +  r                      w(w  +  l)(w  +  2) 
alike,  and  also  the  n  things,  .""j     .  18.    ps • 

20.  4080.  21.  86400.  22.  [5  x  |3;  if  the  three 

letters  are  to  retain  an  invariable  order,  the  answer  is  [5. 
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24.  90.  25.  36.  26.  3x[4x|4,  27.  n". 

28. 


^2  29.120.  3o^n(n-l)_y(p-l)^^^ 


j[13)«'  •  '■'•      1.2  1.2 

3j    «(n-l)(n-2)  _p(p-l)(p-2)  ^^   ^^^^  ^^ 

l£  L? 

124 
preceding  result  by  unity.  ^^'  /13W2?'  ^^'    l^i  ^ 

however  each  set  may  be  in  order,  either  from  left  to  right^  or 
from  right  to  left,  the  answer  is  8  x  [7.  36.    1.  8.7. 6.5  cases 

"Without  repetition.     II.  y^  x  •!=  cases  in  which  a  occurs  twice; 

also  as  many  in  which  i  occurs  twice ;  and  as  many  in  which  n 

14  .  '  .       ^ 

occurs  twice.     III.  cases  in  which  a  and  i  each  occur  twice; 

also  as  many  in  which  i  and  n  each  occur  twice ;  and  as  many 
in  which  a  and  n  each  occur  twice.     Total  2454. 

38.   [4x11111x15. 

XXXY.     l.^^a^V.  2.^.-a'. 

3    12.11    10.9^,.^,  ,    2002.2001^.^^ 

5.  625  -  2000x  +  2400a:'  -  1280a»  +  25ex\ 

6:  ^-4^3'.i4y.  7.J'-':l'''2^Jti 

li  li 

9.  ^  aV.  10.  -i=T  K^*  +  «'«')• 

11.  64a«-96a*+36a»-2.        12.  lOc*. 

14.  This  follows  directly;  orthus,  (l  +  aj)"+'(l-  jc)  =  (l+a;)"(l-a;'). 

|2n+l  . 
16.  From  2nd  to  5th  terms  of  (3 +  2y.         18.  _1— — -— -  (-1)"-^ 
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^^,   [2»+l(-l)-V-'-*»        I  2w  4-1  (-!)-«;•--'«-» 


terms  are 


(-l)'|2n  +  l 


'm-iy 


20.  («•  +  a*)'  =  {«  +  a  V(- 1)}"  {x-a  ^(-  !)}• 

=  M  +  ^  >/(- 1)}  {^ -B  V(- 1)}  =  ^' + -»'• 

•     XXXVI.    13.  t±21t±3^, 

',,        (n-l)(2n-l)(3>t-l) {(»--l)w-l}   , 

15^      (p-l)(2;>-l)(3p-l) {(r-l)p-l}   , 

\L 
16    1-3-g (2r-l).  2.5.8. (3r-l) 

jg    7.9.11 (2^  +  5)^,  jg    1.5.9 (4r-3)_, 


Ir  4'[r 


«. 


27.  2nd  and  3rd  terms  ^  x  |  =  I  •       28.  3rd  term  =  \^  -I  =  ^ . 

i.     6     A  1 . 2    5      2o 

3.4.5.6  /5\*    9375 


29.  5th  and  6th  terms  = 


(l)  = 


[4         V7/     2401  • 

30.  3rd  term=  ^  {^ ,  31.   If  w  =  1  the  2iid  and  3rd 

terms  are  the  greatest ;  if  w  =  2  the  2ad  term  is  the  greatest; 
and  for  all  other  values  of  n  the  first  term  is  the  greatest. 

32.  ^^^^-^^  .         33.   Sixth  term.  36.  ^?^  (2ri'  +  4^  +  3). 

37.'  Coefficient  of  ^*  is  "^ '  ^' ^:;-;;-/^'''' "^^  :  coefficient  of  x^""'  is 

2  a    |r 

obtained  by  dividing  this  expression  by  a, 
l\-i  .  |2w 


40.  ^l-gV,  thatis,  V2.  41. 


\n,\n; 
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XXXyil.     1.  6,                   2.  lOa^a^^  +  20a^a^a.^  +  6a^\ 

3.  3*+2«.3'+2^3  +  2«.3'=1905.  4.  3. 
5.  -2'3*5  +  2^3».5-2*o. 

{1             2              2*  2'            2*  "^ 

7.  2 . 5'-  2'.  3 . 5'.  7  +  2*.  5 ,  V.  8.  -  64.  9.  -  20. 

,„       15     35     63        37  ,,        1  •,„«,«     35     . 

10.  ______=-_.  11.   --.         12.  6+15  +  -^-3. 

,,    /3.7      7.11.19\1              .,    _rt           ,_  ««+6n'-13«*+6» 
13.  I^r 7^ — 1-T.  14.50.  15. 


,    /3.7      7.11.19\1 


24 

16.  The  expression  is  {(1  +  »)  (1  —  a))"*}'.      Heace   the  required 

coefficient  is 
7.6.5.4     7JS.5  ^6  14.15     7  14.15.16     14.15.16.17 

[4       ■*■     [3    •      "^La*   1.2    "^l"       [3        "^  [4 

17.  r  +  1. 

w(w-l)(w-2)(w-3)^, .  w(w-l)...(w-4)^„.  ,  w(»-l)...(n-5)^«„ 

18.  g  i+  ^  i6+ ^ 2  3 

^  «(n-l)     (>^6)  2.3  ^  n(»-l)    .(n-7)  ^.^  ^^^  ^^ 

2(,    n(n-l).^...(n-4)^^...^^.^n(n-l)..^...(n-3)^^,.,^,^^ 

^"^"-;?^"-'^<-V/-        21.-23.        22.  3^-1 . 

23.  — ^^ r^^ '-a'  +  mim-Vfafi^  +  ma.  24.  20. 

Li 
25.  -210.  26.  1260.  27.  12600. 

28.  «"  +  „a-'(6+c)+ «(^ a.-«(6.^,)..H^(>^-l)(^-2) ^.-.^j^,).^ 

-  ^^^^-r^-(--^)-.  30.   ^^. 

36.  May  be  proved  by  Induction.  37.  For  the  first 

part  put  a;=  1.     For  the  second  part,  let  S  denote  the  series, 
80  that  . 
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and  as  the  coefficients  of  terms  equidistant  from  the  begin* 
ning  and  the  end  are  equals  by  Ex.  36, 

Then,  by  addition, 

2S  =  7i/r{a^  +  a^  ...  +a^^}  =  nr{r  +  iy, 

38.    (l+a;  +  aj«)"  = 

change  the  sign  of  x,  and,  since  the  coefficients  of  terms  equi- 
distant from  the  beginning  and  the  end  are  equal,  we  have 

Multiply  together,  and  select  the  coefficient  of  x^ ;  this  will 
therefore  be  equal  to  the  coefficient  of  a;*"  in 

(1  +  a?  +  aj^''(l  -  a?  +  a?")",  that  is,  in  (1  +  a;'  +  x*)*, 

XXXYIII.     1.  4.  2.  2.  3.  1.  ^4.  5. 

5.  3; -2.  6.  -698970-2;  -732393.  7.  -778151-3. 

10.  ^  {log- 10 -3  log  2}.  15.20.  20.  About  125  years. 

XXXIX.     1.  This  is  an  example  of  equation  (1),  Art.  545, 
m  =  (a?  +  1)  (a?  —  1)  and  n  =  x', 

2.  log(aj+2A)aj-log(a?  +  /i)"  =  log|l-^-j-^|.         3.  See  Ex.  1. 

5.  log  (3  +  3aj  +  a;*)  a;  -  3  log  ( 1  +  a;)  =  log  1 1  -  ^^     ,  | . 

6.  "We  have  to  find  a  series  for 

log  (-i  + 1)  -  2^  log  ^B  +  ^  log  (a:  - 1), 

that.is,forlog(l  +  l)+g^log(l-l), 

1+- 
that  is,  for  2-|ji  log  (l  - 1)  +  2^  log -_f . 


^- (-9'=<-?«s^ )•. 


X 


jl~  XCvfii^EBi  j5k»>Z. 


"•It 
-•    -*        J.         -1. 


ii  5s  d^xvssBii:.  i  Seas 


3-  leRagggg  if  X3.I.  mL>iuL»Biu  if  a-^I.       Tf 


4L  CoET^erjjHi*  if «» 1 :  iTn'i'iwimT  if  «  ^|_     If  a=:  ** 
cwiuor-lT  dircagLiiS,  5,  Ili»liwljii  if  x>I, 


7-  Sena^-l-r: — =  — 


:^f    1^5    1^4' 

§.  I>iT:«z|gi!ixt  if  x>- 1,  oacTesgBEi  if  x^l :  if  x=l. 


ff  ir  T  jTOfT  TTrnmwirn  tt  ^rir 

5,    40  : 


XIX     i  £KiC«.  3L  ^^^  4.  f : 


C-  Bervwft  4^  sxkd  IS,  7,  Xmj^t  S^ 


i.  -3fmrrr  i>z. 


L  7  jens.  fL  13j  d«^ 


.       at    _   y   _   *    _  tibeirT«i  sea 


XLIIL     L;£54.10c         f.  a«t.  per  cm.        3L  4 
4.  £^>4^-:'-  5.  ^  6.  £7^7^i  -    J£:!2>4.U 

^      J         1         _^ 

ti«o  R.  10.  ^.  IL  P  (^y.  12.  P^l  ^ ^). 

13,  Jxg-CKfSS. 


1 


7    J- 
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V 

_.^^^     .    .     till         9    1    1    1    1  J_  i: 

JS.l.iV.     1.  i  +  _  ^_^^_.  ^-  11.2+1+1+ 1  +  65  • 

,111111      1 


2  +  4+3+2+1  +  2+170' 

Jl -L -1  J_  JL  2_  JL 1 

•  4+1+1+1+2+3+1+3* 
322355  17       8       39 

•  T'    7  '    113"  4'   29'   33'    161' 

^  -  *'  XTV      1    2      ^      ^^      ^^  2    ?.    1^     ^7     lil 

-'-     '  -^^-     ^'I'l'T'T'  •  1'     6  '    37'    228' 

34    11    15  A  ^    ^    "^    '^}!!!L 

^-  1 '    1 '    T  '     4  '  •  1 '     8  '     65  '     628  • 

491348  fi^y^     5?^ 

^-  1'    2'     3  '    11*  1'    10'    101'    1020* 

^.  -*  5     26     265     1351  «   ^     "^     ?I     34 


1'  5  '  51  '  260  •  •  1'  1'  4 


7  22  29  51         10  1^  ?^  f2?P  80801 
^-  T'  T'  4  '  7  •  1  '  20  '  401  '  8040  " 

^   ^'   _      1   1    1    a     2a*  +  l   4a*+3a  8a*+8a»+l 


11*    «  +  o      .    ft_   .     oTTT  •••  T  >         o^       > 
12.  a-l+ 


2a+ 2a+  2a  +  **'T'       2a     '     4a*  +  l'       8a^  +  4a     ' 
1111  a-\    a    2a'-a-l     2a»-l 


l+2(a-l)+l+2(a-l)  +  *"    1    '1'      2a-l    '     2cu 

-      -        ■^'^-  ^+2+2a+2+2a-i'        2     '     4a  +  l'        8a+4~~' 

•^"^        1.  1       1  1  1  1 

14.  a-l  + 


2+  2(a-l)+  2+  2(a-l)  +  *'* 

a-1      2a-l      4a*-5a  +  l     8a'-8a  +  l 


1    '        2     '        4a-3      '        8a-4 
^  [13  and  14  are  connected,  because  a*  —  a  =  (a  —  1)'  +  a  ■- 1.] 

^'         15.  -=T^  •  16.  -r=7r.  18.  TTTT^  and 


71  •  273  •                       •  (44)'          2(49/ ' 

11  11 

^^-  (240/  ^"^  2(2111)'"  ^■^'  (273/  ^"^  "2(2885/  ' 

^^        26    1     ^     1^     i?  27    ^                        28    ^^^ 

•  2'   7'   30'   97"  396"                         '    80  ' 

1549     251  114                       17 

^*    360  '    360-  "^  •  TT-             "^^-114'             ^^'  ^^• 

T.  A.  35 
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33.  Positive  root  of  «"  +  2a;  -  2  =  0. 

'34.  That  of  Toj" -  8a;- 3  =  0.  35.  That  of  7a;"  +  8aj- 3  =  0. 

36.  That  of  59a;" -319a; +431  =  0. 


XLVI.     1.  a;  =  2,  y  =  1. 

3.  a;  =  l  or  6,  y  =  20orl. 

5.  a;  =  25-7^,  y=25  +  3^. 

7.  x=8,  y  =  3.  8.  a;  =  7,  y=5. 

10.  a;  =  37,  y  =  13.  11.  4  or  5. 

13.  4,  or  5.  14.  16. 


2.  a;=4,  y  =  5. 
4.  y  =  l+7«,  a;=41-10^. 
6.  a;  =  90-19«,  y  =  13^* 
9.  a;  =  ll,  y  =  18. 
12.  19  or  20, 
15.  2.  16.  5. 


17.  3  guineas,  21  half-crowns.  18.  3  ^vereigns,  20  francs. 

19.  185,  15;  119,  81;  53,  147.  20.  28  crowns,  20  half-crowns. 
21.  When  n  is  even,  the  common  differencQ  is  2 ;  when  n  is  odd, 
the  common  difference  may  be  1  or  2.  22.  245. 

23.  104  +  3.5.7.«.  24.  97.  25.  Ascribe  to  y  succes- 

sively the  values  1,  2, ...  8;  and  in  each  case  find  the  correspond- 
ing values  of  x  and  z.  26.  a?  =  1  +  3t,  y .=  51  —  7t,  «  =  63  + 13^. 
27.  Allowing  a  zero,  there  are  15  solutions;  excluding  it,  there 
are  14.  The  solutions  are  found  from  100  —  t  half-crowns,  Qt 
shillings,  and  100  —  7^  sixpences.  28.  Allowing  zeros, 

4  solutions;  excluding  them,  2.  The  solutions  are  found  fi*om 
4  —  i  guineas,  5t  crowns,  and  12  —  4^  shillings.  29.  6  crowns, 

4  hs^f-crowns,  2  florins.  30.  Allowing  zeros,  £2.  11«.  6c?.; 

excluding  them,  £2.  15$.  31.  100.  32.  205,  602. 

33.  974.  34.  5567.  35.  80.  ducks,  19  oxen, 

1  sheep;  or  100  sheep. 


^'  6'   9* 


18' 


37.  49,  43,  38.  38.  The  107*^  and  104**^  divisions 

reckoned  from  either  of  the  common  ends. 

39.  We  must  solve  5a;  -f  4y  +  3i  =  20 :   the  accompanying  table 

exhibits  the  solutions  of  this 
equation.  Then  we  can  use 
(1),  (4),  (5);  or  (2),  (3),  (5); 
or  (3),  (4),  (4). 


X 

y 

z 

0 
2 
4 

0 
5 

0 

1 
0 
5 

1      2  i  4 
3      1      0 
1      2     0 

(1)  (2)  (3)   (4)  (5)  (6) 
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XLVII.     1.  a:  =  2,  y  =  4;  x  =  3,  y  =  l. 
2.  a;  =  4,  y  =  21;  «=5,  y  =  7,  3.  aj  =  18,  y  =  5. 

4.  a;  =  10,  y  =  l.  5.  360.  6.  1684  square  yards. 

7.  lQand7.  9.  a;  =  0,  y=3;  a;  =  2,  y=l. 

10.  aj  =  l,  y  =  3;  aj  =  53,  y  =  15. 


«". 


XLYIIL     l.|(|)".  2.{3(-l)-.i;.} 

"^^  ~l2"'2-^^2.3-^V  l-jo 

5.  {n  +  l)ar.  6.  (7w  +  5)  (3a;)".     '        7.  (n  +  l)V. 

8.  l  +  a5-a;"-a;* 9.  I  +  2a;  +  a'-4a'-lla;* 

la;     3a;*     of     7x*                               1      «     a;'     a;* 
^^-  2"*'2'^T  "*"2  "^"F ^^*  a'~'a''^a'^a' 

12.  l+joa;  +  ;?(p-l)a;'+(jo'-  2p"+l)a;'+y(;3'-3p*4-;?+2)«* 

13.  1(1-1). 
a— l\l+«     1  +  ax/ 

1      /■    1 1_  1  1       \ 

•      (l-a)'\l  +  «     l  +  o-T'l  +  a"*"^! +  «"*'«/' 
15.  a=l,  6  =  11,  c  =  ll,  d  =  l,  e  =  0. 

XLIX.     1.  ,_g^vLi ;  general  term  (3a;)"+  3  (2*)". 

2-  r3T^J52l^;,generaltenn2(7.)--(3.)«. 

3.  ^_l^-y^^  J  general  term  J  (1  +  2*^')'»"- 

4.  as  leas  than :}.  «.     2"-'(5«  +  e).  6.  3*-w-l. 

L.   3.  i-j:f^;i- 

11  1 s .  11 

96     2(«  +  2)(«  +  3)     4(n+l)(»+2)(»  +  3)(»  +  4)'  9«' 
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^1/1      1      1  _      1 1_      _J_  \      11 

3U"^a'^3     w  +  1  ■n  +  2~n  +  3)'   18* 

"8(4     2(»  +  l)(n  +  2)/'   32'  ^'6     (»  +  2)(«  +  3)'  6 ' 

m(w  +  1)(w  +  2)  !»"{«(« -l)-l}*  +  a^+'- (a; +  1) 

**•  6         •  ^^-  p^rj)* • 

12.  ^-(m  +  6)"-. 

13.  Expand  and  we  get  ^[zr^.[^  ^  (T:^  ""  (T^^*  "" j 

14.  &"<l+wa+ — V-ft— ^a  + +  — ^ r — H -^      r 

t  1.2  '\m-l  ) 

15.  A-iy'zrza-^l-?)"*.  1&  165.  19.  460. 

22.  Proceed  thus;  suppose 

(1  +  aw)  (1  +  a^v)  (1  +  aj^v) (1  +  afv) 

=  l+AjV-{'Ay+ '.  +  Aj/tf, 

where  A^,  A^, -4,  do  not  contain  v. 

Now  change  v  into  xv;  thus  we  can  infer  that 

(l+^jV  +  ^y+ +A^i/){\^a*'-'v) 

=  (l+-4,a«;  +  ilj,a;V+ -k- A^pf^if)  {\  +  m), 

Now  equate  the  coefficients  of  the  same  powers  of  v  on  the  two  sides. 

25.  ^i 8  =  ^i -j'y  therefore 

(l+a){l-aj"  +  aJ*-.a'+ } 

l_  ^  x^  X* 

'"n:^~(l-a:)''*'(l-a;/     {^-^Y^ 

Expand  each  term  of  the  last  line  by  the  Binomial  Theorem  and 
then  equate  the  coefficients  of  a:"  on  the  two  sides. 

LI.     8.  2qi?  is  >  or  <  aj  + 1  according  as  p?  is  >  or  <  1. 

1 6.  This  depends  on  the  sign  of  (a  —  6)  (6  —  c)  (c  —  a). 

22  and  24  depend  on  Art.  676.  23.  As  many  of  the  fol> 

lowing  inequalities  as  may  be  required  will  be  found  to  hold; 
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2{n-l)>n,    3  (w  -  2)  >  w, ;    then   by    multiplication    tlie 

result  is  obtained.  25.  may  be  deduced  from  Ex.  23. 

29.  See  Ex.  3  of  Chap.  xxv.  31.  Multiply  up;  then  use 

Art.  676.  32.  Put  l-a  =  6,  and  expand  (l-h)'  by  the 

Binomial  Theorem;   the  series  will  be   convergent.     "We  shall 
then  have  to  sheW  that 

(x-l)b     (x-l)(x-2)b^ 

^--JT  [!         ' 

and  this  is  obvious,  since  a;  is  <  1. 

LIT.     2.  66.  3.  3.  5'.  41".  4.  2'.3".5». 

5.  2*.  (823)'.  12.  suppose  n  to  lie  between  m'  and  {m  -f  1)*; 

then  w-a6«(m"  +  m-w)".  19.  w"-w  +  l.  is  greater  than 

{n  -  ly  and  less  than  n\  20.  Suppose,  if  possible,  »*'  -f  1  =  m" ; 
then  w'  =  (w  —  1)  (m  +  1).  "Now  no  factor^  except  2,  can  divide 
both  m  —  1  and  m  + 1,  and  2  cannot  here  divide  them,  for  n  is 
odd.  Hence  m  —  1  and  m  +  1  must  both  be  perfect  cubes;  but 
this  is  impossible ;  for  the  difference  of  two  cubes  cannot  be  so 
small  as  2.  35,  36,  37,  38.    These  all  depend  on  Fermat's 

Theorem.  43.  22680.  44.'  2"-^*5"-*.  45.  12. 

46.  12.  47.  160  divisors.  48.  6.  51.  {n  +  lf, 

53  and  54  must  be  solved  by  trial;  the  answer  to  53  is  2*.  3*.  5, 
and  the  answer  to  54  is  2».  3".  5.7/  57.  a  =  2 . 5'.  7".  fy 

2/  =  2.5.7.t 

LIII.     1.  27  to  8  against.  2.  — .  4.  f .  5.  I 

6.  Y^.         7.  o^.  8.  7  to  2.  10.  ^I's  chance  of  losing 

is  |,  and  of  neither  winning  nor  losing  is  ^ ;  2>'s  chance  of  win- 
ning is  f,  and  of  neither  winning  nor  losing  is  J;  .5  and  (7  have 
each  the  chance  J  of  winning,  J  of  losing,  J  of  neither.  Or  more 
simply,  A^s  chance  of  winning  is  ^,  JTs  and  (7's  i,  and  D's  f,  if 

5  2 

we  suppose  that  one  of  the  boats  must  win.       ^^'  q*       ^^*  fTi  • 

3  1  »  18686  31031 

14.  ij.        10.  2-        Ao.  ^.        i».  -^oy.        i»-      g«    • 
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20.  S? .  21.1-  (i\\         m   1  _  /35\  23.  2551 


^^  21    1     n  22    1     f^\ 


7 


24       ^^''^^  25  li-'^  „»    ,      1053 

■**•   «i  .,  fen  „  ,( ft  •  ■'^-    ft.   f^-,    >^    <»•  27.    1 =^ 


51x60x49"  •  52.61.60.49' 


32.  The  chanoe  of  the  sorereign  being  in  the  first  purse  is  to  the 
chance  of  its  being  in  the  second  as- 10  is  to  9;  the  probable 
values  of  the  purses  are  as  20  is  to  19.  33.  i. 

34.  g,.  35.^..  36.  i.  39.  j^l^--^}. 

,.    I     6  111     6  2/lV 

7  ^  7*2'2*3  ^  7'3v2y  *  ^^'  The  same  result. 

46.  Mfclll.  47.  L«.  48.  11  to  6. 


^9«  ^i  gfl  •             ^"^'35*  ^^'     Let -4'fl  cliance  of  winning 

a  single  game  be  x,  and  ^s  chance  1-a?;   then  -4's  chanoe 
of  winning  the  set  IS  Y"-^^ -^.  54.  y^. 

57.  (-55/.  58.  1^  and  |j.  59.  21  shilKngs. 

60.  42  shillings.  61.  £400.  62.  35«.  8dL         63.  £10. 

64.  A  florin.  65.  3  florins,  1  sovereign.  66.  2  to  1 ; 

i  of  what  each  staJ.es.  67.  ?^ .  68.  Si^J  . 

3  2  {2n  + 1) 

69.  33333  shillings.        70.  ~n  shillings.        71.  j^.        72.  | . 
»(w  +  l)  5  1286       5144  46 

<7.    ^.  80.    ^^.  81.   7 r-^j; r.  82.    4. 

^  50  (a  +  c)  (6  +  c) 
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LIY.      1.  ^(1  -  a?*)  =  - 1  ±  ^3.  2.  Substitute  for  of 

&om  the  first  equation  in  the  second;  thus  we  shall  obtain  either 

y*=6«oraj  =  — ^.  4.  Square;  and  put  the  equation  in 

thefonn(a"-4a;)"=24(aj-I)".  5.  c  =  110. 

6.  Multiply  up  in  the  given  relation. 

1 
9.  Equate  the  coefficient  of  a*  in  the  expansion  of  — 


,  rax* 

1-05  + 


(1  +  mf 

and  in  the  expansion  of  the  partiaZ  /ractdons  into  which  this 
expression  may  be  decomposed. 

LV.     1.  {VK+  n')  J{a'+  6")-  na]'.        2.  1  +     /|  +      /^  . 
3.  The  radix  is  8.  5.  5.  6.  a?=26«;  y=495-2h. 

7.  i_(l-gy    ,wherejp  =  2". 

8.  (1  —  05*)'  +  a;'(l  —  xf  is  always  positive. 

12.  —  log n  =  log^ . -x.-r .     Hence  we  may  regard  the 

general  t^rms  of  the  series  as  ~  +  log  f  1  —  j ;  and  by  expanding 
the  general  term  is  found  to  be  numerically  less  than 


,^(:-l) 


s.     Then  see  Art.  562.  14.  If  he  draws  again  from 

n 

the  sajne  bag,  his  chance  of  getting  a  sovereign  is  f,  and  his 
chance  of  getting  a  shilling  is  f ;  thus  his  expectation  is  ^  shil- 
lings. If  he  draws  from  the  other  bag,  his  chance  of  getting  a 
sovereign  is  ^,  and  hiB  chance  of  getting  a  shiUiDg  is  ^;   thus 


I 


m 


AMKWIMK     fV    I VI 


rvi.  «  r*/o  hi*  I N*  I  M,"   1 

1  iif  \  h"  \  i*'    (^I't*     i 


n\t 


(. 


H.  (^/  i//;*»  0*    Ih*    ^ 

1)1.  f^///    -'M  V^^'    "'/  ^  ''^^'"''    //    " 

h^/Mi^>  vVffff  \yhh  tufiU  ht  h  '^t\nhi\  hn\\  \  //./  //,  f//.  /ff/.  |/f//f»Mlrrlfr  / 
,,  ,.     mini     if  jt      mini     Ijhn     V 


Wa  hti'/h  tif<^/  \ii  htf^  //,/  //,,  //,/ 

W^  fifffuUi  fhfft  htt'/h  Wil      '^  hut/h  ff,t^hn/l  Ifl  nui       'I  lift  tlHthlif  (    f,f 
tn-/OiittihU*  f'finfm    f/ffii\i\   tfh     inn      /,   Htif\  O/'f    ////////.    iimaUt.i     tit 

'  ffUf     a 

I  ///// 
fM^Ui  //^    //A   f^fn^h    (Hnlhffi/    ittH    fff^'fit    ^/    j.i,    thf    HiH    t,hn\  . 
hft*ri(tff^-^i  ^//  ^A  trt<i.h  tti'^\  hf^/'f}fff  t-/tfi\f\  hfs  l/nniff*ffl  UHihlfH    Hftht 

'         '^  "     m/f/nn    1/ 


I 


.l»"i 


y 

/ 


t 


^•^     #      ** 


//    '-^  ♦f    *'    '^  -•'      J^ 


>     ' 


//    // 

/i      ^      /i        /      y/f" 

/     /      •'     ^    ^       , 


/ '/ 


I 


^  *  86 


I 


^i 


Minted  by  c.  j.  clay.  m.a. 
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